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1Stem cells are mitotically active cells with the ability to self-renew to maintain the stem cell pool and divide to give rise to specialized, differentiated daughters. They are essential during 
development, growth, tissue repair and reproduction. Stem cells live in specialized microen-
vironments or niches that maintain them in an undifferentiated state and that regulate their 
proliferation. Cellular niches are composed of support cells -often in contact with stem cells-, 
signaling molecules communicating the cells within the niche and the extracellular matrix. 
Understanding stem cell function and regulation is crucial for regenerative medicine as well 
as to comprehend their implication in normal physiology and in pathological conditions. 
In mammals, stem cells can be separated broadly into two groups: embryonic stem cells, which 
are found in the inner cell mass of blastocysts  and adult stem cells, found in different tissues 
throughout the body.  Germline stem cells are specialized adult stem cells that are responsible 
for guarding the genome (or genes) that will be passed on to future generations.   
Drosophila oogenesis has proven to be an excellent model to study stem cell-niche interac-
tions. Throughout this manuscript, we attempt to deepen our understanding of germline 
stem cell development and regulation in Drosophila melanogaster. 
Drosophila germline development
In most animals, the germline is determined very early in development and it is set aside from 
the rest of the organism. The development of the specialized germ cells, although species-
specific, generally implicates specification, maintenance of the linage by transcriptional 
repression, migration throughout the body to their final destination (the gonad) and 
differentiation into gametes. Here, the different steps of Drosophila germline development 
are summarized (fig. 1).
Embryonic pole cells. Primordial germ cell formation
Two mechanisms have been chosen by evolution to determine the germline: by preformation 
or induction. In the first one, germ line precursors are specified by maternally deposited factors; 
examples of this are the germ line specification of Drosophila and C. elegans. Although these 
two cases are invertebrates, vertebrates such as zebrafish and Xenopus laevis experience 
germline specification by preformation. In the second type, germ cells are recruited from a 
multipotent embryonic cell population by signals coming from the neighboring tissue as it 
occurs in mice and in all mammals studied so far (reviewed in Lesch & Page, 2012).
The formation and determination of the germline in Drosophila occurs within the first hour of 
embryonic development (fig. 1 and 2). Pole cells or Primordial Germ Cells (PGCs) are the first 















products of the initial cellularization event in the syncytial embryo (fig. 2). In the Drosophila 
embryo, the formation of pole cells is determined by the incorporation of the pole plasm, 
which is the specialized cytoplasm that assembles during oogenesis at the posterior pole of the 
oocyte and that contains ribosome-rich structures called polar granules, RNAs and maternal 
proteins. During the first cellularization event, about 10 cells at the posterior incorporate this 
pole plasm and thus become germline. The pole plasm of Drosophila, like in other insects, 
contains not only germ-line determinants but also the posterior essential morphogen Nanos 
(Nos), required for the formation and patterning of the abdomen (Spradling, 1993).   
Figure 1. Drosophila female germline development. Cartoon of the female germline development indicating 
















Early screens looking for maternal effect mutations identified several loci that affect the 
function of the pole plasm and some of the best characterized are mention hereafter. The 
polar granule component Oskar is necessary and sufficient for the formation of pole cells. 
Maternally delivered proteins such as Vasa, Tudor and Valois are recruited to the posterior by 
Oskar, where they initiate the polar granule assembly pathway that regulates the localization 
and translation of mRNAs such as nanos and polar granule component (pgc) (reviewed in 
Dansereau & Lasko, 2008). The germline can be distinguished from somatic cells as early as 
the formation of the pole cells and many molecular markers can be used to follow their 
development, being the DEAD-box RNA helicase Vasa the most widely used.   
Immediately after their specification, germ cells in all animals enter a rigorous transcriptional 
control to regulate signals of somatic specification originating from the rest of the embryo 
and to maintain an undifferentiated state. PGCs are transcriptionally inactive until the onset 
of gastrulation, where they initiate zygotic transcription of germ-specific genes such as 
Vasa. Transcriptional repression in the PGCs is achieved, in part, by direct regulation of RNA 
polymerase II (RNAPII).  Also, the maternal-effect genes pgc and nos are required to maintain 
transcriptional repression by mechanisms that include direct repression of different genes 
(reviewed in Dansereau & Lasko, 2008 and Lesch & Page, 2012). Another pathway that plays 
a key role in germ cell fate and that controls transcription silencing is the Piwi-mediated 
miRNA machinery. Piwi is thought to regulate Osk and Vas localization thus controlling 
germline specification. However, Piwi-mediated miRNA pathway is not only required for pole 
cell formation but also for germ cell fate maintenance by controlling gene silencing by RNA 
interference throughout germline development (reviewed in Dansereau & Lasko, 2008). 
Primordial germ cell migration
In Drosophila, similar to many animals, the germline and their somatic partners are specified 
away from each other. Consequently, they need to migrate to reach up and form a functional 
gonad (reviewed in Dansereau & Lasko, 2008 and Starz-Gaiano & Lehmann, 2001). PGCs mi-
gration in Drosophila can be dissected into different genetically distinct steps: a. Migration 
Figure 2. Pole cell formation.  (A) Confocal projection of a blastoderm embryo stained 
with anti-Vasa (green) and anti-Cadherin (red). (B) Drawing of the pole cells, pole cells in 















throughout the midgut endoderm. Shortly after budding from the posterior end of the em-
bryo, the PGCs attach to the underlying somatic epithelium and are next carried passively dor-
sally and anteriorly by the elongating germ band, where they enter the posterior midgut ru-
diment. Then, they actively move through the posterior midgut epithelium into the embryo. 
This active journey requires the cells in the midgut to brake down cell adhesion letting the 
pole cells traverse the epithelium. At this point, pole cells send out projections to pass through 
the midgut. In mutants such as serpent and huckebein, where the midgut has changed their 
fate to hindgut, the PGCs linger trapped inside the gut rudiment. b. Migration towards the 
mesoderm. PGC migration away from the gut epithelium and into the mesoderm is driven 
by repulsive signals induced by the expression of the two phospholipid phosphatases, Wunen 
and Wunen 2, expressed both along the PGC migratory route. In wunen mutants, germ cells 
exit the gut normally but do not succeed in reaching the somatic gonad (reviewed in Starz-
Gaiano & Lehmann, 2001). c. Attachment to the lateral mesoderm. In addition to the repul-
sive cues produced by the Wunen proteins, PGCs are led towards the mesoderm where they 
find the somatic gonadal precursors (SGPs) by attractive signals such as Hedgehog (Hh) and 
some products of the lipid metabolism such as the 3-hydroxy-e-methylglutaryl coenzyme A 
(HMG-CoA). PGCs travel toward the Hmgcr-expressing mesoderm and split into two groups 
that move laterally as they are repelled from the midline. Next, they associate with the somat-
ic gonadal precursor (SGPs) in three bilateral clusters on each side of the embryo  (reviewed 
in Dansereau & Lasko, 2008 and Starz-Gaiano & Lehmann, 2001) (see fig. 8). In absence of Ras 
and Jak-Stat signaling, PGCs are reduced in number, migrate aberrantly and slower and fail to 
coalesce. Interestingly, overactivation of these pathways provokes overproliferation of PGCs, 
their early migration through the gut and ectopic localization (J. Li, Xia, & Li, 2003). 
Formation of the embryonic gonad. Coalescence 
Around stage 14 of embryogenesis, once PGCs finish their migration and have encountered 
the SGPs partners, the three lateral clusters on each side of the embryo connect together 
and finally form the left and right embryonic gonads in the fifth abdominal segment (A5), 
a process named coalescence. Germline cells are not needed for the formation of a gonad 
because mutants lacking PGCs develop gonads containing only the somatic part. About 12 
PGCs are found in 14-hour old gonads, alongside with 30 somatic cells that coalesce into a 
round organ (fig. 1). Once coalescence has occurred, SGPs intermingle with and individually 
surround PGCs in a process that requires the adhesion molecule E-Cadherin (E-Cad). PGCs at 
the time of coalescence are round and lack cellular processes, in contrast to the SGPs, which 
extend cellular protrusions to contact other SGPs and PGCs.  The transcription factor encoded 
by the gene traffic jam (tj) is expressed in the SGPs and it is critical for gonad morphogenesis. 
In tj mutants SGPs are specified correctly but they fail to intermingle with the PGCs. This 
defect leads to the formation of rudimentary gonads and male and female sterility (M. A. Li, 















and after coalescence assemble in segment A5.
During embryonic development, PGCs divide and maintain an undifferentiated state until 
they differentiate into Germline Stem Cell (GSCs) once the niche is formed in the larval gonad. 
Larval gonad. Female niche formation 
Stem cells often reside in a permissive microenvironment or niche where they are kept in 
a proliferative but undifferentiated state.  The signals and physical support necessary to 
maintain stem cell characteristics are provided by the interaction between niche cells and stem 
cells themselves. The concept of “niche” emerged in 1978, when R. Schofield postulated for 
the first time that the stem cell niche determined the proliferative potential and prevented 
the maturation of haemopoietic stem cells (Schofield, 1978).
For the last couple of decades, a wide range of molecular and genetic studies, using a variety 
of model systems including invertebrates, such as Drosophila and C. elegans, and mammals 
have provided important insights into how niches regulate stem cell maintenance. In general, 
niches have been classified as cellular, epithelial or a combination of both. Cellular niches are 
composed of support cells that can be post-mitotic or proliferative, signalling molecules and 
the extracellular matrix. This type of niches develops independently of the stem cells and 
maintain their morphology even when the stem cells are lost (Kai & Spradling, 2003). Only in 
Drosophila a number of cellular niches have been described, including the female and male 
germline stem cell niches.
Epithelial niches are characterized by the absence of support cells and by the association of 
the stem cells to the basement membrane, a specialized extracellular matrix. A well described 
epithelial niche is the somatic Follicle Stem Cells (FSCs) of the Drosophila ovary (Nystul & 
Spradling, 2007). Both cellular and epithelial niches required adhesion molecules to establish 
cell-cell or basement membrane-cell interactions (Song, Zhu, Doan, & Xie, 2002 and González-
Reyes, 2003).
In Drosophila, the GSC niches begin to shape at larval stages where the gonad consists of a 
growing, round mass of somatic connective tissue and primordial germ cells, surrounded by 
fat body and located posteriorly in the developing larva (fig. 1 and 3C). In third larval instar, 
the female gonad can be divided into three distinct regions: the anterior region, where the 
somatic cells -including the precursor of the terminal filaments (TF) and cap cells- are located; 
the central region, that houses the PGCs and somatic interstitial cells called intermingled 
cells (ICs); and the most posterior region, where the precursors of the basal stalk cells reside 
(fig. 3A and B). The terminal filament cells start organizing in stacks from medial to lateral 















responsible for the progressive formation of terminal filaments (Sahut-Barnola, Godt, Laski, 
& Couderc, 1995 and Godt & Laski, 1995). The niche is completely formed in early pupae as TF 
formation is concluded and cap cell differentiation takes place (fig. 3A’ and B’). The GSC niche 
develops by cell arrangement and cell recruitment, so that an individual niche is polyclonal in 
origin, technically limiting the ability to perform genetic mosaic loss-of-function studies (see 
below). A genetic tool to induce clone formation in the somatic gonadal cells was developed 
in our laboratory, and it provides an excellent turn around to this limitation (Bolívar, Pearson, 
López-Onieva, & González-Reyes, 2006).
During larval stages PGCs proliferate increasing their number from 12 in the embryo until 
they reach a population of about 100 undifferentiated germline cells by mid third instar 
(ML3) larvae. PGCs duplicate numbers every 24h during first and second instar, then the 
rate decreases during the following 24h (Gilboa & Lehmann, 2006). Undifferentiated 
PGCs proliferate with random division orientation and spreading of the daughter cells so 
there is no much connection between clonal history and location. The PGCs are kept from 
differentiating until ML3 when enough PGCs exist to populate all the niches. Those in contact 
with the cap cells at the base of the terminal filaments will become female Germline Stem 
Cells (fGSCs). The PGCs that end up away from the niche differentiate. PGCs are maintained 
undifferentiated throughout embryogenesis and larval stages by the activity of translational 
repressors Nos and Pumilio (Pum). In addition, signaling via the morphogen Decapentaplegic 
(Dpp) is required continuously in the larval gonad to actively repress PGC differentiation 
(Gilboa & Lehmann, 2004).
Soma-germline interactions are key to control the exact number of PGCs before and during 
niche formation and later for the maintenance of the undifferentiated state of the GSCs. For 
instance, excess in PGC numbers can provoke that more GSCs are established during niche 
formation. While this increase in GSC number can be compensated in the adult germaria, a 
deficient number of PGCs and thus of GSCs might compromise the lifelong supply of gametes 
and may lead to infertility. The EGF (Epidermal Growth Factor) receptor signaling is known 
to be required to control the size of the PGC pool during larval development by coordinat-
ing a soma-germline feedback loop that regulates the proliferation of the PGCs. A ligand of 
the EGF receptor (EGFR), Spitz, is expressed in the PGCs and probably activates the pathway 
in the neighboring somatic ICs to control their survival. In response, the ICs control the num-
ber of PGCs by inhibiting their proliferation. Reduced EGFR signaling in the soma increases 
the number of PGCs with an associated decrease in the number of ICs (Gilboa & Lehmann, 
2006). Conversely, constitutively active EGFR signaling in the somatic cells reduces the number 
of PGCs, demonstrating that the soma surrounding the PGCs control their survival by an as 
yet-unknown mechanism. More recently, it has been shown that EGFR signaling in the soma 















the spread of Dpp throughout the gonad to restrict PGC differentiation (Matsuoka, Hiromi, 
& Asaoka, 2013). 
Adult gonad. The female and male Germline Stem Cell niches
Figure 3. Ovarian niche formation. The female germline stem cell niche at third instar larva and early pupa. 
(A) Confocal picture of a Wild-type third larval instar ovary stained with anti-Hts (red), anti-Vas (green) 
and DNA (blue). (B) Confocal picture of a Wild-type early pupa ovary stained with anti-Hts (red), anti-Vas 
(green), anti-Bab2 (white) and DNA (blue). Scale bars: 20μm. Cartoons representing the gonad of third instar 
larvae (A’), early pupae (B’) and a third instar larvae (C). Terminal filaments (TF) in the most anterior region, 
population of primordial germ cells (PGCs) and intermingled cells (IC) in the middle region and the precursor 















By early pupal stages the niche has formed and the female gonad is separated into ovarioles, 
thus initiating proper ovary morphogenesis (fig. 3A’ and B’). Each ovary is composed of 
about 18 of these egg producing tubes termed ovarioles. Ovarioles contain -from anterior 
to posterior- progressively older, developing egg chambers (fig. 4). At the most anterior part 
of each ovariole there is a conical structure called germarium that hosts the GSC niche. The 
germarium is subdivided in three regions: 1, 2 (a and b) and 3 (fig. 5). In the most anterior 
region, the niche is formed by the GSCs and three differentiated somatic cell types: terminal 
filament cells (TFCs) at the very tip, cap cells (CpCs) that are in close contact with the GSCs 
and escort cells (ECs), which enfold the GSCs with thin cellular extensions to avoid GSC-GSC 
contact (fig.5). 
Figure 4. Drosophila oogenesis. (A) Adult Drosophila female. (B) Female abdomen (ovaries in green). (C) 
Ovaries (ovariole in green). (D) Confocal projection of a wild-type ovariole stained with anti-Vas (green), 
Actin (red) and the DNA marker Hoechst (blue). Germarium and different stages of oogenesis are indicated.   















In the male, the GSC niche maintains two types of stem cells: male Germline Stem Cells (mGSCs) 
and Cyst Stem Cells (CySCs) (fig. 6). The CySCs produce somatic Cyst cells that encapsulate 
differentiating germ cells (fig. 6).  At the anterior tip of the testis around 12 somatic cells form 
a rosette called the hub, hosting 7-9 mGSCs. Both male and female GSCs can be identified by 
a characteristic organelle called spectrosome. In the female niche the spectrosome is always 
oriented towards the cap cells and can be visualized with antibodies such as anti-Spectrin 
and anti-hu-li tai shao (Hts) (fig.5). The spectrosome in the GSCs is rounded and elongates 
during mitosis until its fractioned and asymmetrically distributed after cytokinesis between 
the daughter cells, receiving the greater part the cell that stays in the niche (fig. 6). The GSCs 
are the cells always in direct contact with the cap cells (fGSC) or hub cells (mGSC) and this 
interaction is critical for maintaining the architecture of both niches. Adhesion molecules, 
particularly E-cadherin (E-cad), are known to govern the soma niche cell-GSC interaction as 
there is a high accumulation of this protein in the boundary between cap cells and GSCs and 
cadherin mutant GSCs are lost from the niche and replaced by wild-type GSCs (González-
Reyes, 2003). The structure and activity of the niche ensures that upon GSC division (normally 
asymmetric) at least one of the daughters cells remain within, a process that assures a lifespan 
supply of gametes (revised in Spradling, Fuller, Braun, & Yoshida, 2011).
The ovarian niche regulates the differentiation of fGSCs and the inception of oogenesis 
by controlling the expression of bag-of-marbles (Bam) (fig. 6). Somatic cells of the niche 
transduce the Jak/Stat signal (Janus kinase/Signal transducer and activator of transcription) 
after receiving the Unpaired ligand from terminal filaments and cap cells, to which they 
respond by inducing the production of the Bone Morphogenetic Protein (BMP) ligand Dpp 
(Decotto & Spradling, 2005; López-Onieva, Fernández-Miñán, & González-Reyes, 2008; Wang, 
Li, & Cai, 2008). Thus, the germ cells in close contact to the cap cells obtain a strong BMP 
signal.  Because the response to the activation of the BMP pathway is the repression of bam 
transcription, the germ cells that get away from the niche, and consequently from the BMP 
activation zone, de-repress bam expression and enter gametogenesis. As mentioned before, 
BMP signaling is activated in the larval gonad to prevent premature differentiation of the 
PGCs. This correlation with the GSC niche has lead to the suggestion that the larval gonad 
might function as a “PGC niche” (Gilboa & Lehmann, 2004). 
Upon asymmetric division GSCs give rise to a linage-renewing GSC and to a differentiating 
cystoblast. Cystoblasts divide four times with incomplete cytokinesis to give rise to 16-cell-
cysts in which all cysts are interconnected by cellular bridges called ring canals. 16-cell-cysts 
leave the germarium once they are encapsulated by follicle cells, which will form later on the 
follicular epithelium (fig. 5). One of the germ cells of the 16-cell-cyst is targeted to differenti-















for synthetizing maternal-effect gene products such as nutrients and cytoplasmic components
Figure 5. The germarium and the GSC niche. (A,B) Female germline stem cell niche. (A) Confocal projection 
of a germarium and stage 1 egg-chamber, germline in green, spectrosomes and fusomes in red and DNA in 
blue.  (B) Female germline stem cell niche cartoon: Terminal filament cells (TFCs), Germline Stem Cells (GSCs), 
Escort Cell (EC), Cystoblast (CB), Follicle Stem Cell (FSC), Follicle Cells (FCs).
to be transported into the oocyte. The follicular epithelium organizes into a three dimen-
sional structure or eggshell that surrounds the oocyte and the nurse cells throughout egg-
chamber development (fig.4 and 5). The niche responsible for generating this epithelium 
harbors the Follicle Stem Cells  (FSCs), progenitors of the follicle cells, and is located in region 















Figure 6. Male and female Germline Stem Cell niches and GSC asymmetric division. (A) Female GSC niche: 
Terminal filament cells (TFCs), Germline Stem Cells (GSCs), Escort Cells (EC), Cystoblast (CB) and Adherens 
junctions (AJ). Among other signals BMP and the Jak/Stat pathway maintain the fGSCs. (B) Male GSC niche: 
Germline Stem Cells (GSCs), Cyst Stem Cells (CySCs), gonioblasts (GBs) and Adherens junctions (AJ). Jak/Stat 
signaling from the male niche controls GSCs maintenance and EGFR signaling mediates encapsulation of 
germ cells by cyst cells. 
Oogenesis mutants
Oogenesis has been divided in 14 stages based on the morphology of the egg chambers. A 
stage-1 egg chamber (fig.5) that has just left the germarium would develop for about a week 
until it becomes a mature egg ready for fertilization (revised by Bastock & St Johnston, 2008). 
A great deal of effort has been dedicated among the Drosophila scientific community to 
find mutations in genes essential for oogenesis. Collections of sterile and lethal mutations 
that affect this process have provided important information about how oogenesis is set and 
controlled. 
Sterile mutations are the most direct approach to discover oogenetic genes. The many genetic 
screens performed in Drosophila looking for sterile mutations have rendered many analyzed. 
Classically, they were classified according to a small number of ovarian phenotypic categories: 
rudimentary, tumorous, degenerating, small egg, cup or open chorion mutations, dumpless, 
dorsalized, ventralized, posterior groups, fused filaments, thin chorion, collapsed egg, held-
egg and maternal effect and maternal effect lethal (revised by Spradling, 1995). The maternal-
effect genes are maternally transcribed genes whose mutations usually show an embryonic 
patterning defect that would fall into four genetic groups responsible for the polarity of 















bicoid mRNA and to set the anterior-posterior axis.  The posterior group of maternal effects 
is required for posterior localization of Oskar protein and nanos mRNA. The terminal class 
genes assure the activation of the receptor Torso at both the anterior and posterior pole 
of the zygote after fertilization and lastly the dorsal group genes assures the activation of 
the receptor Toll in the ventral portion of the embryo. The mechanisms of induction, first 
of the anterior-posterior and later of the dorsal-ventral axes require a feedback crosstalk 
between the follicle cells and the oocyte (González-Reyes, Elliott, & St Johnston, 1995 and 
Zhao, Graham, Raposo, & St Johnston, 2012). The oocyte-produced Gurken ligand activates 
the EGFR in the follicle cells to establish the anterior-posterior and dorsal-ventral axes. As 
mentioned before, the activation of the EGFR pathway also regulates gonad development in 
larval stages. 
A drawback that maternal-effect classical screens encountered was that they failed to detect 
genes that were required both maternally and zygotically. Thus more specific screens were 
designed to look for maternal, zygotic or both class genes. This permitted the identification 
and classification of specific loci that were required at different stages of ovarian development, 
finding phenotypes, such as: agamatic, undifferentiated or tumorous cyst, reduced nurse 
cell number (<15), supernumerary nurse cell number (> 15), degenerating nurse cell nuclei, 
abnormal cyst, dumpless, among others (Bellotto et al., 2002). The earliest aberration observed 
in oogenesis was described as the agametic class. Mosaic germaria classified as agametic 
contained no germline. Due to the absence of germ cells, the somatically derived follicle cells 
collapse and appear as string-like structures. This phenotype may originate from the loss of 
mutant germ cells in pre-adult stages, probably because of the lack of an essential function 
for cell survival (Bellotto et al., 2002).
Drosophila as model system. Genetic and molecular approaches
Drosophila has been a model organism for over 100 years. The relatively simple requirements 
needed for its culture in the laboratory and its short generation time, perfect for the rapid 
analysis of mutations, has made Drosophila one of the most broadly used genetic models in 
research. Nowadays Drosophila melanogaster is one of the animal species whose genetics 
is better understood and this makes it an ideal system to study development and a large 
variety of other biological processes. Since the sequencing of the Drosophila genome, the 
community of scientist devoted to fly research has developed a comprehensive range of new 
techniques and tools that allow the genetic and molecular manipulation of the fly to a great 
detail. Throughout the course of this project we have taken advantage of many of these 
valuable resources and some of them are discussed here. 















forward genetics or by reverse genetics.  Forward genetics consists first of a mutagenesis 
experiment, usually a screen, the identification of an interesting phenotype, its phenotypic 
analysis accompanied by the mapping of the molecular lesion and the identification of the 
gene. The reverse genetics approach takes into account the preexisting interest in a particular 
gene and it requires the use of techniques for specific gene disruption. During this project we 
have followed a forward genetic approach and some of the most commonly used techniques 
for mapping a mutation are discussed here.
Once a phenotype of interest is isolated, there is a whole range of genetic techniques to 
map the genetic lesion. Meiotic recombination mapping using multiply marked chromosomes 
allows limiting the region of interest, while further mapping can be achieved utilizing 
deficiency mapping to uncover the loci whose function is affected and/or male recombination 
mapping (Sinclair & Grigliatti, 1985; Preston, Sved, & Engels, 1996; Venken & Bellen, 2005).
The discovery of transposons has made possible a whole range of genetic manipulations 
in Drosophila allowing gene tagging, transgenesis and mutagenesis. The impressive 
genomewide collection of different transposable elements such as P-elements and piggyBacs 
makes it possible to mutate and manipulate DNA sequences in many ways. The generation 
of defined molecular deletions is an extremely valuable tool to map genes and identify 
dosage-sensitive suppressors or enhancers of a specific phenotype. The Exelixis Inc. and 
DrosDel consortia created one of the most useful collections of precise and cytologically 
defined deletions available. Two nearby transposable elements that are located in trans and 
that carry FRT sites in the same orientation create defined deletions after introducing FLP 
recombinase (see below for a summary of the FRT/FLP system). Exelixis created a library of 
almost 20,000 insertions and mapped them by inverse PCR. A set of these was selected to 
create 519 deficiencies, of an average of 140 Kb in size and that cover 56% of the genome 
(Parks et al., 2004). DrosDel established about 3,300 insertions (Ryder et al., 2004), all with 
FRT sites, and generated 426 deletions with an average size of ≈400 Kb. Uniting both sets 
of deficiencies a ≈80% coverage of the genome is estimated (Venken & Bellen, 2005). These 
deletions facilitate the mapping of mutations by complementation analysis and the isolation 
of new genes (reviewed in Venken & Bellen, 2005). 
Once the gene affected by the mutation of interest is identified, it is necessary to perform 
loss and gain of function analyses. The FRT-Flp and UAS-Gal4 systems are elegant approaches 
developed in Drosophila to meet these ends.
 
The yeast FRT-FLP site-specific recombination technique involves the flipase (FLP) mediated 
mitotic recombination between two chromosomes bearing the specific target sequence FRT 















described for the 2 micron plasmid of Saccharomyces cerevisiae) permits the generation of 
genotypically distinct clones in an otherwise wild-type context, allowing the examination of 
the phenotypes induced in patches of mutant cells compared with the wild-type environment. 
Originally, the method was developed with a heat-inducible FLP-recombinase gene under the 
hsp70 promoter but now it is widely used under the control of other promoters. Combining 
this technique with the UAS-Gal4 system permits a spatial and temporal control of the induced 
mosaic clones.
  
The loss-of-function experiments are often complemented with gain of function approaches 
to study gene function and regulation. The UAS-Gal4 system was developed to control 
ectopic expression in Drosophila (Brand & Perrimon, 1993). This powerful technique allows 
the control of when and where a gene is expressed based on the transactivation properties of 
the Gal4 molecule. The system consists of two elements: the Gal4 gene that encodes the yeast 
transcription activator protein Gal4 and the UAS (upstream activation sequence), the DNA 
sequence to which the Gal4 binds to activate transcription. Both elements, the enhancer-
driven Gal4 and the UAS-gene of interest are separated in distinct transgenic lines. Thus, only 
when the two are crossed together, the Gal4 activates transcription of the gene wdownstream 
of the UAS. The UAS- Gal4 system has countless applications and together with the FRT-FLP 
technique is one the most potent methods used to control gene expression and function. Since 
the initial development of these systems, a number of sophisticated variants and new tools 
have been created that have improved the control of both the time and tissue of expression 
of a transgene or a mutation. Some of these include: enhancer and gene-trapping studies, 
the additional level of regulation added by the Gal4 inhibitor Gal80, evaluation of loss-of 
function phenotypes by directed expression of gene silencing molecules such as RNAis, or the 
combined use of the Gal4-UAS and FRT-FLP to generate mitotic clones in a particular tissue. 
Finally, it is worth mentioning the MARCM system, which combines the Gal4-UAS, Gal80 and 
FRT-FLP to label positively the mutant cells.
Throughout this project we have used several of these applications. In addition to this general 
introduction, a detailed explanation of the methods utilized will be given when needed in 











This project started when a former PhD student in the laboratory isolated a second hit 
on the 3R chromosome arm of the tropomyosin102299 chromosome (Tetzlaff et al., 1996). 
Homozygous flies for the mutation were viable but sterile as the reproductive system of 
adults lack all germline. The mutation was mapped to the region delimited by the cu sr 
markers. Considering the interest and significance of the above phenotype, we decided to 
persue further the phenotypic and molecular characterization of the unknown mutation. 
To this end, we proposed the following aims:
1. To characterize the agametic phenotype of the identified mutation: 
a. Developmental analysis of the phenotype.
b. Requirement of the affected function: soma vs. germline.
2. To characterize at the molecular level the genetic entity responsible for the agametic      
    phenotype.
3. To rescue the agametic phenotype.












3.1. A NEW MUTATION IN DROSOPHILA MELANOGASTER 
THAT PREVENTS GERMLINE SURVIVAL. PHENOTYPIC        
CHARACTERIZATION
Understanding how tissue specification and morphogenesis are controlled is a central 
question in biology. During development, multicellular organisms acquire different cell fates 
followed by tissue differentiation and organ formation through processes that are tightly 
regulated in time and place.  Drosophila oogenesis is an elegant model system that permits 
extensive analysis of cell behavior and organ morphogenesis in a genetically traceable and 
experimentally flexible context. The identification and characterization of new mutations that 
affect gametogenesis could be instrumental in the study of such processes. In our laboratory, 
we have isolated a new mutation that prevents germline proliferation specifically. This 
mutation could allow us to investigate how germline proliferation and survival are controlled 
during Drosophila development. 
3.1.1 Isolation of a second hit in the mutant chromosome tm102299
A former graduate student in the laboratory, Lourdes López-Onieva, isolated the mutation 
that has been used in this work. She was studying the role of tropomyosin I (tm1), a regulator 
of actin cytoskeleton in germline development. GSCs homozygous for the 3R chromosome 
arm and carrying the tm102299 (Tetzlaff, Jäckle, & Pankratz, 1996) allele fail to divide properly. 
This defect is specific of the germline, as other mutant tissues such as the follicular epithelium 
divided normally. Her project changed drastically when she discovered that the gene 
responsible for the above phenotype was not tm1, but a second hit on the 3R chromosome 
arm. After separating these two lesions by recombination she determined that the original 
chromosome bearing the FRT82B tm102299 markers indeed carried a second hit responsible 
for the mutant phenotype. Lourdes used meiotic recombination to show that the second 
mutation laid between the cu and sr makers. Interestingly enough, the new mutation was 
homozygous viable (the original tm102299 chromosome was homozygous lethal) but rendered 
adult males and females sterile. The following Results chapter describes the mapping of the 
mutation to a region that did not contain any previously characterized sterile mutations. Due 
to the relevance of its phenotype, we decided to describe it further.  
 
3.1.2 Characterization of the agametic phenotype caused by the second hit.
ADULT phenotype
Flies homozygous for the mutation, both male and female, were sterile as their reproductive 
system is agametic (they lack all germline). The phenotype was fully penetrant, as ≈100% 













(fig. 7A and B) the difference in morphology is striking. Wild-type ovaries (fig. 7A) showed 
developing egg chambers at different stages, while the mutants were considerably smaller, 
lacked any germ cells and were surrounded by a thick mass of connective tissue  (fig. 7B). 
Ovary staining using niche (En and Cad) and germline (Vas) markers (fig. 7A’ and B’) showed 
that whereas niches were correctly formed in the mutant ovarioles, they were depleted of 
germline cells, as determined by the absence of Vas staining (fig.  7B’). Thus, mutant germaria 
were completely deprived of GSCs, cystoblats or cysts (fig. 7B’). 
Figure 7. Agametic adult gonads homozygous for the mutation under study. Wide field pictures of (A) 
wild-type ovaries and (B) mutant ovaries. Note developing eggs are absent in the mutant ovaries. Although 
the niche cells terminal filaments and cap cells are present in the mutant ovariole (arrowheads) note that 
there is no Vasa staining, compared to the wild-type, in which the germarium is followed by subsequent 
stages of oogenesis. Wild-type testes (C) showing the distinctive curled tube-like shape in comparison 
with the small round-shaped mutant testes (D). Testes are stained with anti-Vas (green), the actin marker 
rhodamine phalloidin in red and the nuclear marker Hoechst in blue. Mutant testes (D’) lack Vasa staining, 
as visualized when compared to wild-type controls (C’). Adult female abdominal cuticles of (E) wild-type and 
(F) homozygous mutant. Scale bars = 20μm. Note: mut refers to individuals that are homozygous for the 










In the case of mutant males, their testes were aberrant, smaller and ball-like instead of the 
long curled tubes present in the wild-type (fig. 7C and D). When testes were stained with anti-
Vasa antibody, no germline was visible in the rudimentary mutant gonad (fig. 7C’ and D’).
Mutant adults did not show other significant morphological phenotypes than mild abdominal 
segmentation defects (fig. 7E and F). However, adult flies for the mutation did not mate (data 
not shown) suggesting that the mutation might affect directly or indirectly sexual behavior. 
Thus, we conclude that this new mutation reveals a genetic entity that has a specific function 
in gonad development. Next, we asked what step in germline development is affected in the 
mutation under study. To follow is an account of gonad development in both mutant and 
control animals from embryogenesis to pupal development.
3.1.3 Mutant germline development. EMBRYOGENESIS
In order to compare wild-type vs. mutant embryos, we balanced the chromosome bearing the 
mutation over a TM3-Twist:Gal4-UAS:GFP (see Materials and Methods for details) balancer. 
twist is expressed zygotically, allowing us to discriminate the homozygous mutant embryos 
apart from heterozygous ones by monitoring GFP expression. We looked at the localization 
of Vasa throughout embryogenesis to study the numbers and disposition of the germline 
cells in mutant and control embryos (fig. 8B-E’). Twist expression is not activated until stages 
4-6 of embryogenesis, preventing us from scoring the first stages of pole cell formation. 
However, pole cells from stage 6 mutant embryos are indistinguishable from the wild-type 
controls, suggesting that pole cell budding occurred normally. At this point, PGCs invaginate 
and are carried dorsally as the germband is retracting (data not shown). All steps in germline 
embryonic development seemed to occur without any obvious defect, including primordial 
germ cell migration (fig. 8B-C’). Control gonads form and coalesce into round organs and 
arrange on average ≈12 PGCs (reviewed in Dansereau & Lasko, 2008). As in the control gonads, 
the mutant embryonic gonad formed round shaped organs and arranged on average 11 ± 










Figure 8. Gametogenesis in embryonic development. (A-D) Confocal Z-projections of control and mutant 
(A’-D’) embryos showing Vas expression in successively older embryos. Stages are indicated.  (E-E’) High 
magnification views showing the embryonic gonads at stage 14. Note that the mutant gonad is formed 
properly. 
3.1.4 Mutant germline development. LARVAL and PUPAL stages
Since embryonic gonad development seemed normal in the mutant animals, we next 
analyzed third instar larval gonads. To this end, we dissected both control and homozygous 
mutant female gonads and stained them with the germline markers anti-Vas and anti-Hts. 
Interestingly, the third instar mutant gonads showed significant differences with wild-
type equivalents. The mutant pool of PGCs had an aberrant and disorganized morphology 
looking like apoptotic cells (fig. 9A’-D’’). In fact, high magnifications of the middle region 
of gonads where the PGCs reside showed condensed or pyknotic nuclei, typical of cells that 
are undergoing apoptosis (fig. 9A’’-D’’). Accordingly, the number of mutant PGCs at ML3 is 
considerably reduced (average 55.5 ± 4.35 n = 10) compared to the wild-type control (average 
98.22 ± 5 n = 9). As discussed in the Introduction, the niche is being formed during larval 










consequences for gonad maturation of the effects observed in larval tissues, we stained white 
pupa gonads (≈24 hours later in development ). 
Based on our previous findings at larval stages and the observation that by adulthood the 
ovaries are completely depleted of germ cells, we predicted that pupal gonads would display 
a stronger phenotype than larval gonads. Fig. 10 shows that the early pupal niche is almost 
emptied of PGCs (fig. 10A’-E’) in homozygous mutant individuals. The remaining germ cells 
Figure 9.  Primordial germ cells in gonads at mid-third larval instar (ML3). (A-D’) Confocal Z-projections of 
wild-type and mutant gonads. (A’’-D’’) High magnification views showing aberrant PGCs with an increased 
volume and clumps of Vasa staining. Aberrant PGCs (white and red arrowheads in A’, A’’, B’ and B’’). Piknotic 
nuclei (red arrowheads in D’ and D’’). (C) Cartoon of an ML3 gonad. Terminal filaments (TF), Primordial Germ 











appeared aberrant and larger compared to wild-type. Consistently, the number of mutant 
Figure 10.  Germ cells in white pupae ovaries. (A-E) Confocal Z-projection of a wild-type pupal ovary. (A’-D’) 
Confocal Z-projection of a mutant pupal ovary. Note Remaining PGCs in the mutant ovary (A’-E’ and white 
arrowheads in D’) compared to wild-type (A-E). Note holes left in the PGC region of the mutant ovary in C’ 










PGCs in gonads from white pupae is greatly reduced (average 34 ± 4 n = 13) compared to the 
wild-type control (average 96.42 ± 2.91 n = 12). In agreement with our earlier description of 
the adult ovary (fig. 7A’ and B’), the niche forms properly during larval and pupal development, 
as normal-looking terminal filaments and cap cells rosettes can be found even in empty, 
germcell-less germaria, as shown in fig. 7B’ and 10B’. 
3.1.5 Primordial germ cells die by apoptosis during larval and pupal development 
To test whether the agametic phenotype observed in mutant adult ovaries is due to PGC 
death concomitant with niche formation, we stained ML3 gonads with anti-Caspase3, a 
broadly used marker for apoptosis. As expected, Casp3 is up-regulated in the middle region 
of the mutant gonad, particularly in PGC nuclei (fig. 11). This observation demonstrates that 
germ cells homozygous for the second mutation die by apoptosis during larval and pupal 
development and that this is provoking the highly penetrant agametic phenotype. To rule 
out the possibility that apoptosis is also up regulated in niche or intermingled cells (ICs) and 
that PGCs die as a consequence of this, we studied in detail higher magnification views of 
regions with Casp3 over-expression and found that cell death is generally restricted to PGCs 
(fig. 11E-H). We observed an average of 15.13 ± 1.76 n = 8 PGCs with Casp3 up-regulation in 
mutant gonads compared to 5.75 ± 1.5 n = 8 somatic cells. In wild-type controls we found 2.33 
± 0.56 n = 6 apoptotic PGCs compared to 6.7 ± 1.17 n = 6 somatic cells.
We have characterized the phenotype caused by a new mutation in Drosophila that is 
homozygous viable and whose main effect is the absence of germline in both male and 
female gonads. Adult flies are sterile and the phenotype can be easily observed as the ovaries 
and testes are smaller and immature compare to wild-type. Germline determination and 
embryonic development occurs normally as the embryonic gonad forms with no obvious 
defects, reaching wild-type numbers of PGCs. Interestingly, during larval stages the mutant 
PGCs start dying by apoptosis and by early pupal development the germline niche, already 
formed at this point, lacks most germ cells. The remaining question is whether the mutant 
affects an intrinsic factor required for PGC survival or whether it disrupts an extrinsic signal 











Figure 11. PGCs die by apoptosis in ML3 mutant gonads. (A-D) Confocal Z-projections of a wild-type gonad. 
(A’-D’) Confocal Z-projections of a mutant gonad. (A’’-D’’) High magnification views of the PGC region in the 
mutant gonad. Note the up-regulation of Casp3 in the mutant (A’, B’ and B’’). Note Casp3 over-expression 










3.2. A NEW MUTATION IN DROSOPHILA MELANOGASTER THAT 
PREVENTS GERMLINE SURVIVAL:                                 
GENETIC AND MOLECULAR MAPPING
As mentioned in the previous chapter, the phenotype that we have characterized in this thesis 
and that prevents germline proliferation during larval development is due to a fortuitous 
mutation. This chapter describes the forward genetic strategies used to map the mutation.
3.2.1 Complementation analysis to map the mutation in the sr-ca region
The mutation was identified as a second hit on the third chromosome bearing the 
tropomyosin allele tm102299 (Tetzlaff et al., 1996). Both the nature and the location of the 
mutation were unknown. In order to analyze the mutation at the molecular level, we mapped 
it genetically and molecularly. First, we used meiotic recombination utilizing the FRT82B cu 
sr e ca chromosome to localize the 2nd hit to the interval defined by sr and ca  (fig. 12A). 
We decided then to perform a complementation test using the deficiency kit available at the 
Bloomington Drosophila Stock Center. We crossed the deficiencies (Df) that would uncover 
the region within the marks sr and ca to our mutant allele and analyzed the hemizygous 
individuals looking for complementation of the agametic phenotype (fig. 12B). We found 
two overlapping deficiencies that helped us to map the mutation. Df 7746 complemented the 
phenotype while Df 7990 did not. These two deficiencies uncovered a region of 51 Kb where 
the mutation must lie (fig. 13). Once we found the two overlapping deficiencies, we thought 
that the project was worth pursuing as we had a reasonable region to scan for the mutation. 
Both deficiencies, 7746 and 7990, belong to the Exelisis collection (Thibault et al., 2004). The 
cytological breaking point for Df 7990 was 94E9; 94E13 and the molecular lesion annotated 
at 3R:19105480;19172109. As for Df 7746, the cytological break point 94E5;94E11 and the 
Figure 12. Complementation analysis of the female agametic phenotype. 3R chromosomal arm, centromere 
to telomere (A). The cytological region where the mutation was delimited is in pink (A). Along the 
chromosome different markers are annotated (A).  Deficiencies throughout the sr-ca region are shown (B). 










molecular region affected is 3R:19017039;19121235. The 51 kb region that the two deficiencies 
uncovered corresponds roughly to the pointed locus (fig. 13). Before going farther into the 
mapping, we first decided to check whether the break points of the two deficiencies were 
correctly annotated. To this end, we designed primers to sequence the flaking genomic regions 
of the overlapping ends of both deficiencies and the 3’ end of Df 7990 (see Materials and 
Methods for details). We found that the deficiencies were, in general, correctly annotated (see 
Table 3). The major difference we found was in the 3’ end of Df 7746, originally annotated 
to 3R:19,121,235 and that in our hands the break point was 3R:19,121,035 (for a summary of 
these results see Table 3).
Figure 13. pointed locus. Df 7746 and Df 7990 are highlighted. The 51 kb region uncovered by the two 
overlapping deficiencies. Transcripts and cDNAs present in the locus.
3.2.2 Genetic interactions
The pointed locus includes 4 transcription variants B, C, D, and E (fig.14). Nested in the 
C-terminal large intron there is an uncharacterized gene (CG31340). There are also several 
large intronic regions within the locus. The next obvious experiment was to look for genetic 
interactions with already described alleles of pointed. We checked the null allele pntD88 and 
the hypomorph pnt1227 (Scholz et al., 1993). None of them exhibited the agametic phenotype 
when in trans-heterozygosis with the mutation. In addition, pntD88 was lethal over Dfs 7746 or 
7990 (Table 1 and fig. 14). The mutant allele pntD88 is a complete null as most or all C-terminal 
domains are removed in this deletion (Scholz et al., 1993). Thus, this genetic test suggested 
that the gene responsible for the agametic phenotype was not pointed.
Taking into consideration all the genetic elements present in pointed locus and the ones 
that might be present in the intronic regions within, such as microRNA, enhancers and other 










responsible for the phenotype.
At this point we had the mutation mapped to a 51 kb region that needed to be sized down. 
To this end, we considered different approaches: to generate smaller deficiencies, to obtain 
genomic rescue constructs, to narrow down the locus by recombination and even to sequence 
the whole locus. We weighted all the options and started working on most of them. However, 
in this manuscript we will only discuss the ones that provided useful information. 
Figure 14. pointed locus depicting the alleles used in the complementation analysis. (A) The pntΔ88 and 
pnt1277 alleles are shown (purple line and triangle).  Df 7776 in green and Df 7990 in pale orange. 










 3.2.3 P-element-mediated male recombination  (pntNP5370 and pntd07883)
Taking advantage of the genetic markers present on the mutant chromosome (cu and sr), 
and of the available P-elements inserted in the pnt locus, we decided to carry out a male 
recombination experiment to split the 51 kb region into two or more smaller regions. It has 
been shown that mobilization of P-elements via transposase activity causes recombination in 
Drosophila males, in which meiotic recombination does not normally occur. The advantage 
of P-induced male recombination is that it often occurs at short distance (an average of 2 kb) 
of the existing mobile P-element, and that the P-element is usually maintained in its original 
site in the recombinant chromosome (Sinclair and Grigliatti, 1985 and Preston et al., 1996). 
Besides, P-induced male recombination events may result in a deletion or a duplication of 
the genomic sequence immediately flaking the P insertion (Sinclair and Grigliatti, 1985 and 
Preston et al., 1996). This fact could provide us with new alleles that would help characterize 
the mutation. It is important to take into account that we can always select our possible 
recombinants because in trans with the original mutation they should be agametic. Figure 15 
shows the crossing scheme used in the male recombination experiment and figure 16A shows 
the schematic representation of the recombination events. Two P-element lines, pntNP5370 
(located at 3R:19,140,975) and pntd07883 (located at 3R:19,160,576), were chosen to perform 
male recombination. We generated a stock bearing a third chromosome carrying the agametic 
mutation and cu and sr markers with a source of transposase on the 2nd chromosome that 
could be followed by CyO. The F2 males are dysgenic, carrying both the source of transposase 
and the P-element mediating the recombination (fig. 15).
Figure 15. P-element induced male recombination scheme. Females carrying the second hit were crossed to 
males carrying the transposase source. P denotes either NP5370 or d07883 P-elements. Potential single male 
recombinants were crossed to the original mutation and F4 females were score for the agametic phenotype. 










Roughly 80 dysgenic males were collected for each P-element line and crossed to a balancer 
stock carrying cu as a marker. The F3 progeny was scored and the recombinants were selected 
by the presence of white+ and curled. 4 recombinants were obtained for pntNP5370 and 3 
recombinants for pntd07883. Recombinant males were then crossed to the original second 
mutation stock and the F4 females were scored for the agametic phenotype. All recombinants 
were agametic when in trans to the original mutation. This phenotype was later confirmed 
when we analyzed the homozygous flies in each of the established recombinant lines. Because 
the agametic phenotype laid 5’ to the P-elements, in both cases, the male recombination 
experiment permitted to map the mutation to a region of 39 Kb (3R:19,121,235-19,160,576) 
with the stock pntd07883 and to a region of 19 Kb (3R:19,121,235-19,140,975) with pntNP5370. 
3.2.4 Genomic rescue construct
Among the many tools that the Drosophila community has made available to manipulate 
genetically and molecularly the fly’s genome are the reagents generated by the P[acman] 
resource developed by the Hugo J. Bellen laboratory. P[acman] permits recombineering-
mediated cloning of any genomic DNA fragment from Drosophila P1 or BAC clones and the 
integration of large DNA fragments into the fly genome (Venken et al., 2006). They have 
Figure 16. P-induced male recombination and the CH322-62F02 genomic rescue. (A) Scheme of the P-induced 
male recombination events.  (B) pointed locus showing the location of pntNP5370, pntd07883 and the 20Kb 
region (orange shadow) defined by the male recombination experiment. The position of the BAC CH322-










constructed different size inserts BAC libraries that cover the Drosophila genome. We obtained 
the clone CH322-62F02, which includes the sequence on chromosome arm 3R from 19,124,932 
to 19,144,716, from the 21 kb library (Venken et al., 2009) (fig. 16B) and transformed it into 
flies (see Material and Methods). The construct contained most of the 20kb sequence (see 
fig. 16B) defined by the P-induced male recombination mapping. The transformant flies were 
used to attempt and rescue the phenotype but the result was negative. The DNA sequence 
contained in CH322-62F02 and transformed into flies did not rescue the phenotype when 
placed in the mutant background. Unfortunately, this negative result did not allow us to 
make any clear conclusions as to where the mutation laid.   
3.2.5 Complementation test using the deficiency ED6105 
At this point we identified a new deficiency that was not tested in the original complementation 
analysis, the ED6105 strain from the DrosDel collection (Ryder et al., 2004) (fig.17). This new 
deficiency, available from the Kyoto stock center, was similar to Df 7746 but slightly larger 
in the distal break point (fig. 17). Most, interestingly, Df ED6105 DID NOT complement the 
phenotype whereas Df 7746 did. The position of Df ED6105 break points were 3R:19,083,814-
19,121,363 (we confirmed this by PCR and sequencing and in our hands the break point is 
19,121,356 (see Table 3)  whereas for Df 7746 they were 3R:19,017,039;19,121,035. Thus, Df 
ED6105 is just 321 bases larger distally. 
3.2.6 Mapping the mutation 
Based on the deficiency complementation result obtained in the previous section, the region 
3R:19.121.035-19.121.356 was sequenced for both wild-type and mutant flies. Primers were 
designed to amplify the genomic region corresponding to 3R: 19,121,011-19,122,068 and 
genomic DNA was made from homozygous mutant flies and from a white- strain. We found 
different polymorphisms that were present in both strains compared to the reference 










sequence in Flybase. But we also found two nucleotides changes 3R:19,121,297-300 that 
were only present in the mutant DNA sequence and that putatively are causing the mutation 
responsible for the agametic phenotype (fig. 18A). The mutation maps to the region 
3R:19,121,296-19,121,300 located on an intronic sequence of the pnt locus near the 5’ UTR of 
pntC (fig. 17). In fig. 18C we show the sequence chromatogram corresponding to the mutated 
DNA (query) against the reference DNA (subject).
We have used different molecular and genetic approaches to map the mutation that causes 
the agametic phenotype. 1. Complementation analysis allowed us to limit the region where 
the mutation laid to 50 kb, 2. P-element-mediated male recombination permitted to size down 
the region to approximately 19 kb, 3. Genomic rescue experiments with a 21 kb construct that 
Figure 17. Complementation analysis using Df ED6105. The figure shows two overlapping deficiencies, Df 
7746 and ED6105, which differ in 321 bases. While ED6105 does not complement de phenotype, Df 7746 
does. The purple star is depicting the location of the mutation.



















contained most of that 19 kb region was tried but we failed to obtain any useful information, 
4. The use of Df ED6105 led us to finally define the mutation to a 321 bp (base pairs) interval, 
5. DNA sequence analysis identified a two-nucleotide change (AC to CT) in an intronic region 
near the 5’ UTR of pntC as the putative molecular lesion responsible for the phenotype.
Considering the mapping of the mutation to an intronic region of the pnt locus, close to 
the transcriptional start site of the pntC and E transcripts, we envision 2 possibilities: 
1. This mutation is affecting the promoter or an enhancer of pntC/E and 2. It controls the 
annotated CG31340 gene (see fig. 17). While the complementation analysis discussed above 
indicated that pnt was an unlikely candidate to be affected by the mutation, it is still a formal 
possibility (see Chapter 3). We discarded other options such as a microRNA because we could 
not find any consensus sequence that would predict its existence around the region where 
the mutation maps. However, a definitive proof that this lesion indeed causes the agametic 
phenotype is still lacking. 
Figure 18. Mapping the mutation. Sequence of the genomic region where the mutation maps to. (A) 
Comparison of the mutant sequence (query) with the Flybase control sequence (subject). The purple box 
shows the only sequence change present in */* and not in the white- control (B). The light blue box denotes 
the sequence removed by Df 7746; and the orange one that of ED6105. Two other polymorphism are found 











3.3. RESCUING THE AGAMETIC PHENOTYPE
3.3.1 Description of the pointed locus
As discussed in the previous chapter, two candidate genes could be affected by the mutation 
mapped to one of the intronic regions within the pointed locus: the unknown gene CG31340 
or pointed itself. 
pointed was originally identified in a systematic screen looking for zygotic lethal mutations 
affecting the larval cuticle (Jürgens, Wieschaus, Nüsslein-Volhard, & Kluding, 1984). It was 
included in the “spitz group” of genes required for pattern formation of the ventral ectoderm 
(Mayer & Nüsslein-Volhard, 1988). Posterior phenotypic analysis also reported a role for pnt 
in proper eye development (Scholz, Deatrick, Klaes, & Klämbt, 1993 and Brunner et al., 1994). 
The molecular characterization of pnt showed it spanned a genomic region of 55 kb and that 
it encoded two protein versions Pnt1 and Pnt2 belonging to the family of ETS transcription 
factors (Klämbt, 1993). Currently, FlyBase describes pointed as a gene encoding four different 
isoforms of the ETS (E26 transformation-specific) transcription factor type, PntE, PntC (also 
known as Pnt1), PntB (also known as Pnt2) and PntD. pntC and pntE share an identical ORF 
but differ in their 3’UTR. The transcription start sites (TSS) of the two characterized isoforms 
pntB and pntC, are separated by ≈50 kb of intronic sequence. Between those two isoforms, 
in the middle region of the locus, the TSS of an uncharacterized isoform, pntD, is found 
(fig. 20A and C). ETS transcription factors share a conserved winged helix-turn-helix DNA 
binding domain called the ETS domain -present in all three isoforms- and a PNT domain (also 
known as SAM-PNT for Sterile Alpha Motif) that PntB lacks (fig. 20C).  All three isoforms 
are expressed during oogenesis, as confirmed by RT-PCR of whole ovaries (see Materials and 
Methods and fig. 20b). 
If pointed was the gene affected in the mutation, it could only be disrupting a regulatory 
region as a pnt null allele does complement the agametic phenotype when in trans to the 
mutation. A plausible explanation is that the mutation has to be disrupting a sequence 
that is intact in pntD88. Trans-acting or trans-sensing effect (transvection) is an epigenetic 
phenomenon that results from an interaction between an allele on one chromosome and 
the corresponding allele on the homologous chromosome. Transvection can lead to either 
gene activation or repression (Tartof & Henikoff, 1991, Martínez-Laborda; González-Reyes, & 
Morata, 1992 and Scholz et al., 1993). Genetic dissection of the pnt locus has already shown 
the occurrence of transvection in the pntB promoter, where certain B alleles activate pntB 
transcription in trans from regulatory domains on the other chromosome (Scholz et al., 1993). 
A similar phenomenon might explain the complementation results shown by pntD88. Hence, 











Near the 5’UTR of pntB an uncharacterized gene was annotated (fig. 20A).  CG31340 was 
originally sequenced as part of the high-throughput process designed to generate cDNA clones 
for the Drosophila Gene Collection 1 (Rubin et al., Science 2000). However, the current gene 
model status for CG31340 in Flybase is “withdrawn”, as further evidence for the existence of 
the gene was not found (Flybase). Nevertheless, we could not rule out the possibility that this 
CG indeed existed and that it was disrupted in the second hit that we isolated, a possibility 
that needed further testing. 
3.3.2 Isolation of a new pointed allele   
In the process of inducing P-mediated male recombinants using the NP5370 line, we also 
isolated dysgenic males (see scheme in fig. 31) to attempt and generate new mutant alleles 
by imprecise P-element excisions that could recapitulate the agametic phenotype. 
We analyzed 137 white- excisions and found one (excision number 11) that when in trans 
to our original mutation, displayed the agametic phenotype.  In contrast to the original 
mutation, excision 11 was homozygous lethal. When we analyzed cuticle preparations of 
late stage homozygous excision 11 mutant embryos we observed ventral cuticle defects 
corresponding to the spitz-group mutant phenotypes (fig. 19E) originally described (Mayer & 
Nüsslein-Volhard, 1988). In addition, when in trans over a hypomorphic allele of pnt, pnt1277, 
excision 11 exhibited rough eyes indistinguishable from pntD88/ pnt1277. These results strongly 
suggest that excision 11 is a new pnt allele. Thus, we have named it pntD11. Finally, the fact 
that pntD11 does not complement the agametic phenotype does not allow us to conclude 
that pointed is the gene affected in the original mutation because we cannot discard the 
possibility that CG31340 is also affected in pntD11. To answer this question, we generated both 



















3.3.3 Generating UAS constructs 
We decided to generate UASp1 constructs for both CG31340 and pntD (for details see 
Materials and Methods) with the aim of rescuing the agametic phenotype in the ovary 
using the UAS/Gal4 system. While the generation of UASp-pntD transgenic flies was straight 
forward, CG31340 was difficult to handle. The sequence from Flybase only made clear were 
the putative polyadenylation signal was. Other than that, it was difficult to discriminate 
among the different open reading frames present in the fragment. Therefore, in the hope it 
contained the entire ORF of the CG31340 gene, we decided to clone the whole 1.8 kb region 
found in the original clone of the Drosophila gene collection 1 (see Materials and Methods). 
3.3.4 Rescuing the agametic phenotype. UAS/Gal4 system 
As reported in the first Chapter of the Results section, the gene affected in the mutant situation 
could be required autonomously or non-autonomously for germline survival. To analyze in 
which cells of the niche pnt or CG31340 are required for PGCs survival and to attempt to 
fully rescue the agametic phenotype with the UASp constructs, we decided to test different 
Gal4 drivers. For somatic expression we used the soma-specific C587–Gal4 driver (Manseau 
et al., 1997 and Kai & Spradling, 2003). The C587–Gal4 line drives UASp-TauGFP in most of 
the somatic cells of the niche both in larval gonads and adult ovaries but not in the germline 
(fig. 21A-B’’). Female gonads of ML3 larvae and ovaries from adult flies expressing UASp-
TauGFP under C587–Gal4 control were labeled with anti-Vasa (green), anti-GFP (white) and 
anti-Hts (red). Specific GFP expression was observed in the precursors of terminal filaments 
and cap cells and intermingled cells in larval gonads (fig. 21A and A’). Tau-GFP expression was 
observed in cap cells and escort cells in the germaria of adult ovaries (fig. 21B and B’). Weak 
expression in adult terminal filament cells was also observed (not shown).
For germline specific expression we used the nos–Gal4:VP16 construct (Van Doren, Williamson, 
& Lehmann, 1998).  Larval gonads and adult ovaries expressing UASp-TauGFP were stained 
with anti-GFP (green) and anti-Hts (red). GFP specific expression was observed in the germ 
cells as early as in the developing larval gonad (fig. 21 C and C’) and in the germarium of adult 
ovaries (fig. 21 D and D’) and developing egg chambers. 
1  We chose to make UASp constructs because this works both in the germline and in the soma whereas UASt only works in the soma (Rørth, 1998).
Figure 19. Cuticle deffects of the spitz-group genes and the eye phenotype of different pnt allelic interactions. 
Ventral cuticles of (A) wild-type and (B-G) spitz-group mutant embryos; (B) spitz, (C) Star, (D) rhomboid, 
(E) pointed, (F) single-minded, (G) sichel. T1-T3, thoracic segments; A1-A8, abdominal segments. (A-D and 
F-H taken from U Mayer and C Nüsslein-Volhard, 1988). (E) pntΔ 11 mutant embryo, (I) pnt Δ88 mutant 
embryo. Inverted bright field microscope images. Note the segmental fusions typical of the spitz-group 
mutants in pntΔ 11 and pnt Δ88 (arrow heads). J-L Eye phenotypes of different allelic combinations. Bright 
field microscope images of (J) wild-type, (K) pntΔ88/pnt1277 and (L) pntΔ11/pnt1277. Note the “rough” 










In order to test the role of pnt or CG31340 in the agametic phenotype, both UASp-CG31340 
and UASp-pntD were placed in the mutant background. To our delight, the only presence 
of the UASp-pntD construct in homozygous mutant flies was enough to partially rescue the 
agametic phenotype (see fig. 22C), whereas CG31340 did not. The fact that the UASp-pntD 
construct was able to rescue can be explained by a leaky activity of the minimal promoter of 
the UASp (transposase promoter (Rørth, 1998), a situation reported for other UAS constructs 
(e.g. Bianchi-Frias et al., 2004). To assess whether pnt expression was needed in the germline, in 
the somatic cells of the gonad or in both, we examined adult ovaries from 2 days old females, 
carrying the different somatic vs. germline Gal4 lines, UASp-pntD and homozygous for the 
agametic mutation (fig. 22).  The results are summarized in Table 4.  In contrast to homozygous 
Figure 20. Drosophila pointed encodes three different isoforms of the ETS transcription factor type. (A) 
The pnt locus depicting different isoforms (E, B, C and D), deficiencies (green and orange region), pntΔ88 
(purple), and CG31340. (B) PCR amplification of the three pnt isoforms B, C and D (Product sizes: 2266 bp for 











mutant flies where 100% of adult individuals were devoid of germline, UASp-pntD; mut/
mut flies showed developing egg-chambers until stages 6-8 in 26% of the cases (fig. 22C) and 
fully developed egg-chambers (stage 14) in 13% of the cases (n = 31). Nevertheless, 61% of 
the UASp-pntD; mut/mut remained agametic (n = 31). Rescued ovaries from UASp-pntD; nos-
Gal4-VP16-mut/ nos-Gal4-VP16-mut were not distinguishable from UASp-pntD alone (Table 
4), suggesting that Pnt is not required autonomously in the PGCs for their survival.
Interestingly, the combination C587-Gal4; UASp-pntD was able to restore oogenesis to a large 
extend in the mutant background (fig. 22D). Adult ovaries from C587-Gal4; UASp-pntD; mut/
mut flies showed developing egg-chambers (as visualized with vasa antibody) in 89% of the 
cases, 68% of which had egg-chamber of all stages (n = 28) (fig. 23C).  C587-Gal4; UASp-pntD; 
mut/mut adult cuticles showed the same patterning defect that the homozygous mutant 
(fig. 22G), confirming that the C587-Gal4 drives pnt expression in the developing ovaries and 
specifically rescues the agametic phenotype. Alternatively, we may fail to rescue the cuticle 
phenotype because we are overexpressing only one pnt isoform; pntD. In this context, it 
is interesting to note that we have confirmed the above results utilizing UASt-pntC (Klaes, 
Menne, Stollewerk, Scholz, & Klämbt, 1994 and Gabay et al., 1996), whose leaky activity 
rescues the phenotype in 90% (n = 30) of the cases (note that the UASp-pntD recues only in 
39% of the cases).
Figure 21.  Somatic vs. germline Gal4 lines.  (A,B) Confocal Z-projection images of C587-Gal4; UASp-TauGFP 
ML3 larval gonads (A) and adult ovaries (B). GFP expression in developing terminal filaments (arrow head in 
A’) and in cap cells and escort cells (arrowheads in B’). (A,B) Confocal Z-projection of nos-Gal4:VP16; UASp-










Figure 22. Pointed expression rescues the agametic phenotype. Bright-field microscope images of adult 
ovaries from (A) wild-type, (B) mutant homozygous, (C) UASp-PntD; mut/mut and (D) C587-Gal4; UASp-PntD; 
mut/mut.  Adult abdominal cuticle of wild-type (E), mut/mut (F) and C587-Gal4; UASp-PntD; mut/mut (G). 
Note abdominal defects in (F and G). Note egg entering or inside the oviduct (H).










Out of these 90%, 27% ovaries had only developing egg-chambers until stages 6-8 and 63% 
fully developed egg-chambers (stage 14) (Table 4). Although oogenesis is restore in these 
flies, pyknotic nuclei typical of apoptotic cell can still be observed in the oocyte of some egg-
chambers probably due to specific Pointed requirements in later stages of oogenesis and 
that cannot be restored with C587-Gal4. In addition to UASp-pntD and UASt-pntC, we have 
recently tested the UASt version of the pnt full-length isoform (UASt-pntB) and found that 
it also rescues the agametic phenotype (data not shown). The above results demonstrate 
that pointed is the gene responsible for the agametic phenotype and that it is required non-
autonomously for germ line survival during niche formation.
Figure 23. Somatic Pointed expression rescues the agametic phenotype. Confocal Z-projection images of (A) 
wild-type, (B) homozygous mutant and (C) C587-Gal4; UASp-pntD; mut/mut ovarioles. Note pyktonic nuclei 









2 3.4. THE DROSOPHILA ETS TRANSCRIPTION FACTOR POINTED IS REQUIRED FOR PRIMORDIAL GERM CELL SURVIVAL
Pointed belongs to the ETS-domain family of transcription factors, one of the largest families 
of transcription factors described so far. This family of proteins, unique to metazoans, holds 
29 members in humans, 28 in mouse, 10 in C. elegans and 9 in Drosophila. Members of these 
families have been implicated in many developmental processes as well as in cancer progression 
(reviewed in Dittmer and Nordheim, 1998), and they have been known to regulate a myriad 
of cellular and viral genes. The ETS transcription factors are characterized by the presence of 
an evolutionary conserved DNA-binding domain and they act in cooperation with a variety 
of structurally unrelated transcription factors and co-factors (reviewed in Sharrocks, 2001). 
Most ETS proteins are nuclear targets of Ras-MAP kinase signaling cascades and regulate 
cell proliferation, differentiation and apoptosis by activating genes encoding growth factor 
receptors and integrin families (reviewed in Verger and Duterque-Coquillaud, 2002 and 
Oikawa and Yamada, 2003). Furthermore, studies in model organisms such as C. elegans 
and Drosophila have uncovered the critical role of these transcription factors in a variety of 
developmental processes such as oogenesis, metamorphosis, neurogenesis, eye development 
and myogenesis (Hsu and Schulz, 2000).
The first molecular characterizations of the pnt locus showed that it encoded two protein 
versions PntC and PntB that were required for proper central nervous system development 
(CNS) in Drosophila embryos (Klämbt, 1993 and Scholz et al., 1993). pnt loss-of-function 
phenotypes manifested fusion of the CNS commissures and abnormal glial-neuron 
interactions. cDNAs corresponding to the two pnt transcripts were cloned and sequenced for 
the first time and based on homology sequence the proteins products were classified as ETS-
related transcription factors. This molecular analysis showed that the Pointed proteins shared 
a common ETS domain (Karim et al., 1990) with all members of the ETS family and a second 
conserved homology domain shared with some ETS proteins that was named POINTED (PNT) 
(Klämbt, 1993 and see fig. 24). This PNT domain was present only in the PntB protein. The two 
pointed transcripts were differentially expressed in time and space by the use of two distinct 
promoters, the C promoter drives expression in ventral ectoderm, tracheal system and in CNS 
glial cells whereas B drives expression in the mesoderm and in midline glial cells (Klämbt, 
1993).
Further molecular characterization by the same group dissected the locus genetically and 
found trans-activation and trans-regulation of the pntB promoter (Scholz et al., 1993), as 
discussed in the second Results chapter. The authors determined that pntB function was 










rough eye phenotype. Furthermore, studying these allelic combinations they identified two 
sequence domains that activate and repress pntB transcription in trans. Later, PntB was shown 
to be a target of Ras signaling controlling photoreceptor determination in the Drosophila eye 
(Brunner et al., 1994 and O’Neill et al., 1994. They showed that PntB is activated in vitro by 
MAP kinase phosphorylation and to activate its function (Brunner et al., 1994 and O’Neill et 
al., 1994). On the other hand, PntC is constitutive as it lacks the phosphorylation domain and 
the working model is that activated PntB might act to turn on the promoter of pntC (O’Neill 
et al., 1994).
The EGFR/Ras/MAPK pathway regulates the expression of both pointed, which usually acts 
as an activator, and its transcriptional counterpart yan, which acts as a negative regulator 
and that, at least in the context of eye development, it acts antagonistically to Ras signaling 
function (Brunner et al., 1994 and O’Neill et al., 1994). yan encodes another ETS-related 
transcription factor that competes with Pointed for binding targets (O’Neill et al., 1994). 
Interestingly, pnt and yan have opposites phenotypes in the regulation of photoreceptor 
determination as pnt mutants lack some or most photoreceptors whereas yan loss-of-function 
homozygous flies have extra photoreceptor cells (O’Neill et al., 1994).
The highly conserved ETS domain binds DNA over a range of 12 to 15 bp, exhibiting sequence 
preference for around 9 bp with a central invariable core: 5’-GGA(A/T)-3’ (Hollenhorst et al., 
2011).  The PNT domain displays high similarities with the widespread SAM domain, the latter 
showing a variety of association states and functions through a range of protein-protein 
and protein–RNA interactions (Hollenhorst et al., 2011). The transcriptional activation of the 
Drosophila pntB and its mammalian orthologs ETS1 and ETS2 depends on mitogen-activated 
protein (MAP) kinase phosphorylation. The SAM-PNT domain works as a docking sequence to 
enhance phosphorylation of an immediately adjacent threonine by, in the case of Drosophila 
PntB, the MAP kinase Rolled (Brunner et al., 1994).   
 
Figure 24. Pointed proteins. Cartoon of the three Drosophila Pointed proteins: PntB also known as Pnt2, 










The first and one of few studies on the function of pointed in Drosophila oogenesis was done 
by the Ruohola-Baker laboratory (Morimoto et al., 1996). They reported that pnt is required 
for patterning dorsal follicle cells and it acts antagonistically to EGFR signaling. They show 
that pnt acts downstream of gurken, thus, downstream of the EGF receptor pathway. They 
reported that pnt overexpression phenotypes were similar to loss of EGF receptor, concluding 
that it negatively regulates the EGFR pathway, contrary to what had been demonstrated 
before (Brunner et al., 1994 and O’Neill et al., 1994). In this case, pnt overexpression leads 
to reduction in dorsal-anterior follicle cells. The authors of this work also confirmed the 
observations of Mayer and Nüsslein-Volhard in 1988 showing that pnt was not required in 
the germ line during oogenesis. They induced pntΔ88 germline clones and observed that eggs 
devoid of maternal pointed did not display any obvious patterning defects or embryonic 
phenotype (Morimoto et al., 1996).      
The EGFR pathway is known to control proliferation and survival of PGCs during larval 
gonad development in Drosophila through a feedback loop that implicates soma-germline 
interactions (Gilboa and Lehmann, 2006). EGFR signaling is known to play an important in 
controlling niche-GSC relationship in both male and female. Compromised EGFR signaling 
in somatic cells disrupts the mGSC division rate, increasing the number of cells with mGSC 
characteristics (Kiger et al., 2000 and Tran et al., 2000) phenotype that also observed in stet 
mutants (Schulz et al., 2002).  Also, overexpression of a dominant negative form of the EGFR 
in the somatic ICs in the larval gonad provokes an increase in PGC number whereas expression 
of constitutively active forms of the EGFR signaling reduces PGC numbers greatly (Gilboa and 
Lehmann, 2006).
As Pnt is a known downstream effector of EGFR signaling and we have shown in this work that 
pnt controls PGC survival, we can speculate that pnt might be part of this mechanistic loop. 
Thus, this last Results chapter focuses on the experiments we have done to begin elucidating 
the mechanism by which pointed controls PGC survival and ovary morphogenesis.
3.4.1 Expression of pointed in oogenesis
To visualize directly the expression of Pointed in the female larval gonad and in the adult 
ovary, we tested the anti-Pnt antibody generated in the T. Hsu laboratory (Hsouna et al., 
2010). This rabbit polyclonal antibody was raised against the full-length protein (PntB) that 
was His-tagged, bacterially-expressed and protein A-purified. Immunostaining revealed a 
specific posterior follicle cell signal in developing egg chambers even though the antibody 
also gave a high background staining (fig. 25). Interestingly, in ML3 wild-type gonads, the Pnt 
antibody labeled the nuclei of niche somatic cells (intermingled cells and terminal filament 
cells and cap cells (fig. 25 B), whereas mutant larval gonads stained with anti-Pnt lost the 










To analyze pointed expression throughout oogenesis we also utilized different Gal4 insertions 
(the NP3368, NP3124 and NP5370 lines) within the pnt locus and monitored their expression 
using a UASp:Tau-GFP reporter. In all these cases, we detected pointed expression in somatic 
cells of the germline niche. For instance, we observed consistent Tau-GFP signal in the cap cells 
of adult ovaries in all the lines tested (as an example, fig. 26 depicts the pattern expression of 
the NP5370 line). In addition and as described before for pnt (Morimoto et al., 1996, Lee and 
Figure 25. Pointed protein expression pattern during germline development. Confocal micrograph projections 
showing Pointed polyclonal antibody labeling of posterior follicle cells in Wild-type ovarioles (A), somatic 










Montell, 1997 and Meignin et al., 2007), the NP5370 line drives GFP expression in the follicle 
cells at the posterior (fig. 26B). In larval gonads we detected a weak GFP signal in the region 
where the precursors of the somatic cells reside (fig. 26C). This larval pattern was observed in 
all the lines analyzed.
3.4.1 Patterns of expression of different pointed enhancers during oogenesis
The spatial and temporal control of gene expression is partially achieved by cis-regulatory 
elements named enhancers. The laboratory of Gerald Rubin from Janelia Farm have generated 
a collection of transgenic lines each carrying the Gal4 coding region downstream of around 
3 kb of overlapping DNA fragments from non-coding regions that work as transcriptional 
enhancers of genes known to have an expression pattern in the adult brain (Pfeiffer et al., 
2008). These enhancer-Gal4 vectors have been inserted into a defined genomic location (68A4, 
Figure 26. Pointed expression during germline development. Confocal micrograph projections showing GFP 
expression in the germarium (A), in a stage 7 egg chamber (B) and in an ML3 gonad (C). pnt-Gal4 (NP5370) 
drives GFP expression in cap cells (A), posterior follicle cells (B) and niche somatic cells (arrowheads in A’, B’ 










attP at 3L:11063638) by site-specific recombination, thus preventing unwanted position 
effects. The transgenic lines could be used to study the expression of a UAS-reporter gene in 
a small subset of cells driven by individual enhancers.  As reported by the authors, individual 
fragments would in general drive subsets of the endogenous expression pattern of a given 
gene. In sum, these would be able to reproduce the entire pattern of the gene (Pfeiffer et 
al., 2008). 
The Janelia Farm collection contains 18 lines with intronic, non-coding regions of the pnt 
locus. We have evaluated whether 9 lines (out of the 18) within pointed could direct distinct 
expression patterns in oogenesis (fig. 27). We crossed the lines to UAS-Tau:GFP and monitored 
Tau-GFP expression in larval gonads and adult ovaries. All the lines tested drove Tau-GFP 
expression in the cap cells of the germarium in adult ovaries (fig. 27), in agreement with the 
result obtained with the NP5370 line (fig. 26A). Some lines also showed expression in the 
terminal filament cells (fig. 27H’,G’ and J’) and at least one line showed GFP signal in escort 
cells (fig. 27G’). In the larval gonad, we observed a variety of different expression patterns 
(fig. 27B-J). Consistently, all the lines showed expression in several somatic cells of the gonad. 
For instance, some lines showed a strong expression in the terminal filaments and cap cells 
precursors (fig. 27H-G). Others had a similar but weaker pattern (fig. 27B and J). Lines $45717 
and $50223 showed new expression patterns in the somatic cells surrounding the terminal 
filaments and the fat body that holds the gonad, respectively (fig. 27E and I). Interestingly, 
we could easily see short cellular protrusions (fig. 27G and H, arrow heads) both in the gonad 
and in the germarium that resemble cytonemes. Citonemes are short filopodia produced in 
the cap cells and that have recently been shown to be relevant in transducing Hh-signaling in 
the Escort cells and to maintain the GCS population (Rojas-Ríos et al., 2012).
In sum, the lines could be separated into two different genomic regions: Region 1, 
corresponding to lines $45304, $41263, $50223 and $49553 and Region 2, corresponding to 
lines $50233, $46271, $45717 and $48154. Both regulatory regions would drive expression in 
most somatic cells of larval gonads and adult ovaries. The new pointed mutation (hereafter 
referred as pntaga for agametic) that we have characterized in this work maps to the genomic 
region within the line 45304. Line 45304 drives patchy expression in the terminal filaments, 
cap cells, intermingled cells and basal stalk cell. We could speculate that the mutation in 
pntaga affects the regulatory sequence that directs the expression of pnt in the cells types 
labeled by line 45304. At present, we are trying to reproduce the agametic mutation in the 
genomic fragment carried by line 45304 and to assess its effect on Tau-GFP expression. 
4.4 pointed phenotypes in oogenesis
As discussed in previous chapters, pnt null alleles are embryonic lethal (Scholz et al., 1993). 



















tools such as the UAS/Gal4 and FRT/FLP systems to generate mosaic individuals. To evaluate the 
role of pointed in oogenesis, first we used the FRT/hs-FLP system to induce pnt somatic clones 
in larval gonads and adult ovaries utilising both pntD88 and pntaga. However, the results that 
we have obtained with this approach are not conclusive due 1) to the difficulty of generating 
a mosaic gonad with a large portion of mutant tissue for either of the pnt alleles and 2) to 
the most probable non-autonomy rescue by the adjacent wild-type cells. 
Second, we utilized the UAS/Gal4 system to induce RNAi mediated gene disruption as well as to 
overexpress pnt in the developing ovary. The study of germaria compromised for pnt function 
using RNAi-mediated knockdown in somatic cells of the female GSC niche has already been 
performed by Liu et al., 2010. These authors observed more spectrosome-containing cells 
in niches were either EGFR or pointed were disrupted in escort cells (Liu et al., 2010). In our 
hands, the overexpression of both UAS-100473 and UAS-1513 (from the Vienna Drosophila 
RNAi center, hereafter referred to as pntRNAi) with the c584-Gal4 driver gives similar results, 
as we obtained germaria larger than in the controls and containing more GSC-like cells (fig. 
28A). We also observed egg-chamber fusions (fig. 28A), a phenotype not described previously. 
Correspondingly, the analysis of  pntRNAi female ML3 gonads indicated a clear increase in PGC 
numbers in  pntRNAi gonads when compared to wild-type controls (189.5 ± 11.43 n = 4) (see 
fig. 28B-B’). Moreover, since the RNAi line used in this experiment is designed to knockdown 
all isoforms of pnt, as the target sequence is located in the common region to them all, we 
conclude from these results that loss of pnt function in female gonads and ovaries causes 
germline overproliferation.
The  pntRNAi phenotype is opposite to that of the mutant pntaga, which gives rise to adult 
germaria devoid of germ cells. Because the pntaga mutation is likely to be affecting only pntC 
and pntE tanscription, pnt knockdown using the RNAi contruct suggests that different pnt 
isoforms might have antagonistic effects on germline progression. If this were the case, pntaga 
may generate an imbalance in the relative amounts of pnt isoforms present in the gonad that 
leads eventually to PGC loss, a phenotype that should be suppressed by the removal of all 
pnt function. Thus, we placed pntRNAi in the mutant agametic background (w; pntRNAi; pntaga/
pntaga) and scored the germline phenotype in adult females. We found that the expression of 
pntRNAi rescues the agametic phenotype, as we obtained ovaries containing up to stage 14 egg 
chambers in 38% of the cases (n = 34). This demonstrates that pntaga is not a loss-of-function 
situation and that it probably causes PGC degeneration by altering the ratio between the 
different pnt isoforms acting in the female ovary and, most likely, in the gonad.
Figure 27. Expression patterns generated by enhancer sequences of the pnt locus. (A) Diagram of the 
genomic pnt locus (B-J’) Expression driven by the indicated fragments in adult germaria (B,C,D,E,F,G,H,I and 
J) and in larval gonads (B’,C’,D’,E’,F’,G’,H’,I’ and J’). Confocal image projections (B-B’) line 45304, (C-C’) line 
41263, (D-D’) line 49565, (E-E’) line 50223, (F-F’) line 49553, (G-G’) line 50233, (H-H’) line 46271, (I-I’) line 










Finally, we analyzed the phenotype of a P-element inserted in the cytological location 
3R:19121380, 80 bases upstream of the polymorphism found in the pntaga mutation 
(3R:19121297-300) and very close to the pntC and pntE putative promoter (see map in 
fig. 28D). The above P-element is a GS line (GS9096) generated under the auspices of the 
Drosophila Gene Search Project by the Tokyo Metropolitan University (Toba et al., 1999). 
Interestingly, ML3 gonads of female larvae homozygous for the GS9096 insertion show PGC 
overproliferation when compared to the wild-type controls (number of PGCs in the GS line: 
128.4 ± 3.31 (n = 5); in the controls: 98.2 ± 5 (n = 9); fig. 28). From this we conclude that the 
GS construct impairs pnt function thus provoking excess of PGC proliferation. When placed 
over pntaga, pntGS6990 behaves as a weak agametic allele, as 5% (n = 55) of adult pntGS6990/
pntaga trans-heterozygous females display the agametic phenotype. Our interpretation of 
this result is that the regulatory region present in pntGS6990 —but damaged in pntaga— trans-
activate transcription of pntC and/or pntE from the pntaga chromosome in a large proportion 










Figure 28. pnt requirements during oogenesis. (A-A’) Confocal Z-projection images of pnt RNAi ovariole and 
(B-B’) ML3 gonads. Confocal Z-projection images of ML3 gonads of (C-C’) wild-type and (D-D’) GS9069. Scale 
bars = 20 μm. (D) Diagram of the genomic region around GS9069 (red line); the purple asterisk is highlighting 












A new mutation in Drosophila melanogaster prevents germline survival
Soma-germline interactions are critical to control germline migration, proliferation, germline 
stem cell determination and maintenance, and gamete maturation. In this thesis we have 
mapped and characterized a new mutation that prevents primordial germ cell proliferation 
specifically, causing the lineage to die by apoptosis before the germline stem cells are 
established. We have mapped the mutation to an intronic region within the pointed locus. 
pointed is expressed and required in the somatic cells that form the GSC niche to control the 
survival of the germline. We have named this mutation pntaga.
The analysis of germline development of homozygous females for pntaga shows that PGC 
formation, migration and gonad coalescence progress normally in mutant gonads, as they 
appear normal in size and shape at the end of embryogenesis. However, we observed that once 
the germline stem cell niche begins forming at mid-third instar larva PGCs start disappearing 
by apoptosis. Hence, because ovaries are devoid of germ cells, ovary morphogenesis is 
disrupted and adult flies show the agametic phenotype. Ovarioles in adult pntaga homozygous 
flies appear as the string-like structures previously described for other agametic mutations 
(Bellotto et al., 2002). These string-like structures form because the somatic stem cells 
present in the germarium continue to divide. Our results show, that agametic adult ovaries 
are rudimentary. However the GSC niche somatic cells, terminal filaments and cap cells are 
present in pntaga ovarioles. 
pntaga embryonic gonads are indistinguishable from wild-type animals. However, by mid-third 
instar larval, mutant gonads are populated by fewer PGCs than in the controls. Our studies 
show that this reduction in PGC number is due, at least partially, to specific germcell apoptosis. 
By the end of L3, female gonads appear completely devoid of PGCs, thus preventing the 
establishment of germline stem cells, which takes place at this stage (Godt & Laski, 1995; 
Song, Zhu, Doan, & Xie, 2002 and Zhu, 2003). 
Many female sterile mutations that render agametic ovarioles have been characterized 
1and a wide range of phenotypic penetrances can be found. An examples is, the case of 
the Hedgehog signal transducer gene fused, whose different allelic combinations show 
percentages of agametic ovarioles varying from 21% (fuJB3) to 81% (fuG3) (Besse, Busson, & 
Pret, 2005). Other examples of agametic mutations with different phenotypic strengths are: 
parva germina (pag) (38% ovarioles have 0 germ cells; Riparbelli, Inoue, Glover, & Callaini, 
2005) and combinations of loss-of-function alleles of two γ-tubulin genes, which have severe 
effects in different stages of oogenesis including 77% to 50% of empty ovarioles (Tavosanis & 
Gonzalez, 2003). Interestingly, the mutation characterized in this work is one of few where the 


















agametic phenotype is 100% penetrant suggesting that pnt is critical for germline survival. 
In general, alleles of maternal effect genes such as nanos, oskar, vasa, cappuccino or spire 
are agametic mainly because they affect the localization of posterior determinants causing 
a complete lack of pole cells early in embryogenesis. In these cases, the phenotypes are also 
fully penetrant. 
Soma-germline interactions influence all phases of germline development including sex 
determination. Sexual dimorphisms (any difference in phenotype between male and female) 
are achieved by specific gene expression that depending on the species might begin with 
the expression of a single sex-specific gene that activates the cascade of sex determination. 
In the case of the Drosophila germline, sex determination is switched on around stage 12 
in the embryonic gonad and continues during different stages until the onset of either 
spermatogenesis or oogenesis (reviewed in Casper & Van Doren, 2006).  During the formation 
of the embryonic gonad, the SGPs differentially express diffusible molecules such as Unpaired 
(ligand of the JAK/STAT pathway) in males but not in females, proving that soma-germline 
interactions can be sex specific (reviewed in Casper & Van Doren, 2006). Accordingly, sex 
specific genes such as ovo, ovarian tumor (otu) and Slx (Sex-lethal) determine female fate and 
mutations in these loci are female sterile. Similarly, male sterile mutations that specifically 
affect spermatogenesis have been identified (for a review Fuller M.T, 1993). Although the 
development of both male and female germline stem cells niches fall along the dimorphic 
differences of sexual determination, GSCs are kept in an undifferentiated state and the way 
they interact with their somatic context show many interesting similarities. Hence, there are 
many parallelisms in the way both fGSCs and mGSCs interact with their niches, the close 
contact they maintain with the somatic support cells by adherens junctions and the signaling 
cascades that are active in the niche. Consistently with these, some mutations render both 
male and female sterile2. Also, genes that regulate a normal cellular function (e.g. cell division) 
but whose expression is specific to the germline produce male and female sterile mutations. 
The pntaga allele described in this thesis corresponds to a male and female sterile mutation 
that suggests a conserved role of pointed regulating germline survival in both systems.
In Drosophila, major signaling pathways have been found to play important roles in both 
male and female GSC maintenance (reviewed in Gilboa & Lehmann, 2004). The Dpp pathway 
is a major signaling cascade controlling fGSC maintenance and proliferation whereas the 
function of the Jak/Stat pathway seems to be the equivalent for mGSCs.  Other signaling 
pathways that have major roles coordinating niche regulation of GSC maintenance in male 
and female are the Hedgehog (Besse et al., 2005; Rojas-Ríos, Guerrero, & González-Reyes, 2012 
and Michel, Kupinski, Raabe, & Bökel, 2012), Engrailed (Rojas-Ríos, Guerrero, & González-
Reyes, 2012) and EGFR (Kiger, White-Cooper, & Fuller, 2000; Gilboa & Lehmann, 2006 and 













Tran, Brenner, & DiNardo, 2000) pathways.  
Mapping of a new mutation in Drosophila melanogaster that prevents germline survival
The agametic mutation that has been characterized in this work was mapped to an intronic 
region upstream of the 5’ UTR of pntC/E. Based on the close proximity to their 5’UTRs we 
speculate that this molecular lesion might be affecting the promoter or an enhancer of pnt-
RC/RE and thus their transcription. pntaga homozygous flies do not show visible phenotypes 
during development (e.g eye, wing or muscles) except abdominal patterning defects. Thus, 
other cellular processes in which pnt has a critical function proceed normally. This suggests 
that the agametic mutation might be affecting an enhancer that governs specific expression 
in the somatic tissue of the gonad. 
pntaga could also affect an as yet identified isoform of pointed. To study this possibility 
we analyzed the ModeENCODE Chip-seq data for the histone H3 trimethylation at lysine 4 
(H3K4me3), an epigenetic mark associated with active chromatin and gene expression, in 
the pnt locus (fig. 29). Interestingly, at the L3 larvae and pupae stages there is a chip-seq 
peak of gene activation around the sequence where the mutation maps (red rectangle in 
fig. 29).  These peaks are not as robust as others on the same locus but this might be due to 
pnt expression in few cells or in a pretty small tissue such as the larval gonad. This result is 
exciting because it might indicate the existence of new isoform specific for larval and pupal 
gonad development. 
Figure 29. H3K4me3 mark on the pnt locus. Chip-seq data for the histone H3 trimethylation at lysine 4 
(H3K4me3) on the pnt locus for embryo stage 16-20 (E16-20), larva L1, larva L2, larva L2, larva L3 and pupae. 
Red rectangle hightlights the region where the mutation maps to and the black rectangles show gene 













Why the classical alleles of pnt do not display agametic phenotype? 
At first, it was difficult to conceive that pnt could be the gene affected in the agametic 
mutation. pntΔ88, a classical null allele (embryonic lethal) of pointed, did not display an 
oogenenic phenotype when in trans-heterozygosis with the agametic mutation. pntΔ88 
has not been mapped molecularly but, based on the dissection of the locus (fig. 29 from 
Scholz, Deatrick, Klaes, & Klämbt, 1993 and Brunner et al., 1994), it removed all pntC/E exons 
(containing the DNA-binding domain). The mapping of the agametic mutation and two 
overlapping provided insights into what might be occurring at the molecular level. Df 7746 
complements the agametic phenotype whereas Df ED6504 does not. The 3’ ends of 7746 and 
ED6504 differ in only 321 bp (7746:19,121,035 and ED6504:19,121,356). We envision that the 
molecular lesion on pntaga is disrupting a regulatory region also disrupted on Df ED6505 but 
intact on Df 7746. During the course of this work, we also generated a new pntΔ11. pntΔ11 is 
embryonic lethal and homozygous embryos have cuticle patterning defect similar to those 
of the spitz group and the allelic combination pntΔ11/ pnt1277 have rough eyes indicating that 
pntΔ11 behaves as an amorph allele. Future mapping of excision pntΔ11  that behaves as Df 
ED6504 and does not complement the agametic phenotype should corroborate this premise.
Trans-activation has been already described for the promoter of pntB (Scholz et al., 1993) 
where two different domains of activation and repression of transcription where observed. 
One explanation for the complementation results given by pntΔ88 is that the regulatory 
domain of gene activation affected in pntaga is intact on pntΔ88 and it is able to trans-activate 
pntC/E in the gonad. 
The Drosophila ETS transcription factor Pointed is required for primordial germ cell survival
The non-autonomous control of cell choices is a wide spread mechanism to direct proliferation, 
Figure 30. Scheme of the pointed gene. P1 and P2 transcripts and different mutant alleles (pnt1230, pnt1277 













survival and migration. The EGF receptor pathway is one of the evolutionary conserved 
cascades that are key in regulating such processes during development, acting typically at 
a short range in the cell neighboring to the ones that produce the ligand. The EGF receptor 
in Drosophila (a.k.a DER, Torpedo or Ellipse) is broadly expressed throughout development, 
thus its expression does not represent a critical regulatory step. However, the processing of 
its five ligands Spitz, Keren, Gurken, Vein and Argos, and consequently, the activation of the 
receptor, are crucial in determining the functional specificity of the pathway (reviewed in 
Shilo, 2003). 
EGFR signaling its known to control GSC differentiation in both male and female adult niches 
(Kiger, White-Cooper, & Fuller, 2000; Tran, Brenner, & DiNardo, 2000 and Schulz, Wood, Jones, 
Tazuke, & Fuller, 2002) and to regulate PGC proliferation in larval gonads  (Gilboa & Lehmann, 
2006 and Matsuoka, Hiromi, & Asaoka, 2013). In general, flies with attenuated EGFR signal 
have overproliferation of early germcells (GSCs and PGCs). Spitz is expressed in the germline 
whereas the EGFR signal is activated in the soma. In general when the activation of the EGF 
receptor in somatic support cells is compromised a consequent overproliferation of germline 
cells is observed in both male and female gonads (Kiger et al., 2000; Tran et al., 2000 and 
Gilboa & Lehmann, 2006. These overproliferation phenotypes can be due to either a failure 
in GSC differentiation thus provoking an accumulation of GSCs or to an increase in germ cell 
division frequency.
As we mentioned before, in the context of the female larval gonad Spitz is expressed in 
the PGCs, the ICs receive this ligand and activate the EGFR pathway, which is required for 
IC survival and to restrict PGC division. This mechanism controls PGC numbers during ovary 
morphogenesis (Gilboa & Lehmann, 2006). Somatic expression in larval gonads of a dominant 
negative form of EGFR (UAS–EgfrDN) induces PGC overproliferation whereas increasing EGFR 
signal by expressing the constitutively active form (UAS–EgfrCA) provokes a marked reduction 
in the number of PGCs. In a reduced population of PGCs, Spitz expression is low, leading to IC 
death, which leads to an increase in PGC proliferation (Gilboa & Lehmann, 2006).
Pointed, a transcription factor of the ETS family is known to be a target of the EGFR-Ras 
signaling (Brunner et al., 1994 and O’Neill, Rebay, Tjian, & Rubin, 1994). Members of the ETS 
transcription factors family have been implicated in diverse biological processes including 
the regulation of differentiation and proliferation. Studies in mammalian cell cultured have 
demonstrated that the Ets-2 inhibits apoptosis in an autonomous manner (Sevilla et al., 1999). 
In the same way EGF receptor signal has been shown to work as a survival factor in different 
cellular contexts . Moreover, it has been reported that pntB, in Drosophila, downregulates 
transcription of the proapoptotic gene hid acting downstream of the Ras-MAPK signal (Kurada 













the somatic cells of the adult fGSC niche. Germaria with compromised pnt levels in the escort 
cells showed ectopic espectrosome-containing cells, indicating an increased number of GSC-
like cells (Liu, Lim, & Cai, 2010). Accordingly, when we induced pnt-RNAi expression in somatic 
cells of the niche we also observed germaria with more GSC-like cells.  
The pntaga allele described in this thesis harbors a mutation that causes the PGCs die by 
apoptosis when the GSC niche is forming during larval development. We have shown by 
antibody staining and by monitoring enhancer-driven expression that pointed is expressed 
in different cells that form the somatic niche of the germline (both in the larval gonad and 
the adult ovary). Accordingly, expression of either isoform of pnt in the somatic support cells 
rescues the agametic phenotype. Suggesting that expression of pnt is required in somatic 
cells and acts non-autonomously for germline survival. Considering that pointed might be 
downstream of EGFR signal in this particular context, our results seem to contradict what 
have been published so far, that activation of the EGFR in the somatic cells of the niche is 
required to prevent overproliferation of the PGCs (Gilboa & Lehmann, 2006). In this sense, the 
RNAi results seem to fit what has been previously published. 
How can we explain this discrepancy? 
1. pntaga is not a loss-of-function allele. pntRNAi and pntaga have opposites phenotypes, pntRNA 
targets all isoforms of pnt whereas pntaga is expected to be affecting only pntC/E. Suggesting 
that the different pointed isoforms might have antagonistic effects in the developing gonad 
and pntaga might generating an imbalance in the relative amounts of pointed versions leading 
to PGC loss phenotype that is suppress by removing of all pnt isoforms. We rule out the option 
of pntaga being a gain-of-function allele as the agametic phenotype is not complemented by 
different deficiencies and rescued by various UAS-pnt constructs. 
2. Different temporal pnt requirement. That EGFR signaling pathway is bifurcated (thus pnt 
requirement) and acts differently in different developmental stages. It has already been 
reported that the EGFR signaling acts differently in adult compared to larval testes (Parrott, 
Hudson, Brady, & Schulz, 2012) where EGF attenuation specifically increases the GSC division 
in adult testes, but not in larval testes. If this were the case pntaga should be affecting the 
specific expression required for PGC survival but pntRNAi is removing all pnt isoforms before 
this requirement.
3. Also a bifurcation of the pathway but in different somatic cell types. Can we dissect further 
the niche in order to know which cells are really critical for pnt function? The somatic driver 
used in this work, C587-Gal4, has been reported to work in some somatic cells of the niche 
specifically. Escort cells in (Liu et al., 2010) and intermingled cells in (Gilboa & Lehmann, 2006). 
In our hands the C587-Gal4 expresses in all somatic cells of the niche, cap cells, terminal 













phenotypes, overproliferation versus PGC death are provoked by attenuation of pnt 
expression in different cell types. 
Any of the above options need to be further examined by different experimental approaches. 
We think that is imperative to be able to assay the levels of expression of the different 
isoforms of pointed in the mutant larval gonad compared to a control situation. However, 
manipulating the larval gonad is a real challenge as is an organ of about 100 microns and 
few cells within express pointed but we shloud be able to do it using a single cell approach.
Evolutionary conserved role of ETS transcription factors in germline development 
Some parallelisms exist between GSC niches in Drosophila and their equivalents in the 
mammalian testes and ovaries. Germ cells in the testis are in close contact to the somatic 
Sertoli cells and in the ovaries to the Granulosa cells. In mammals, the ETS related molecule 
(ERM) expression is restricted to Sertoli cells and mice with targeted mutation of ERM have 
a loss of maintenance of spermatogonial stem cell. Self-renewal of the niche seems to be 
disrupted during the first wave of spermatogenesis with a progressive depletion of the niche, 
producing a Sertoli-cell-only syndrome (Chen et al., 2005). This report was the first to show in 
vertebrates that a transcription factor is essential for the maintenance of the stem cell niche 
and the authors suggested a dual role of the Sertoli cells in regulating spermatogenesis in 
the perinatal period, a phase of rapid mitosis of both germline and Sertoli cells and versus 
their role in the adult (reviewed in Hess, Cooke, Hofmann, & Murphy, 2006). The phenotype 
observed in the mammalian system for ETM mutant is similar to the agametic phenotype we 
have characterized in this work leading us to suggest that this role of an ETS related molecule 
regulating germline stem cell maintenance might be conserved throughout evolution. their 
role in the adult (reviewed in Hess, Cooke, Hofmann, & Murphy, 2006). The phenotype 
observed in the mammalian system for ETM mutant is similar to the agametic phenotype we 
have characterized in this work leading us to suggest that this role of an ETS related molecule 



















1.  A new male and female sterile mutation was isolated in the laboratory. This agametic 
mutation prevents germline survival as adult reproductive systems were devoid of germ cells. 
2.  PGC development is initiated properly in mutant embryos. Their gonads form round-
shaped organs and contain on average 11 PGCs.
3. Third instar larval gonads from mutant animals exhibit aberrant and disorganized 
morphology showing pyknotic nuclei typical of apoptotic cells.
4.  The number of PGCs at mid-third larval instar and in early pupal gonads is significantly 
reduced compared to wild-type controls.
5.  PGCs die by apoptosis during larval and pupal development as Casp3 is up-regulated in 
mutant gonads.
6.  The somatic niche of the GSCs forms properly but it is devoid of PGCs. 
7.  The above phenotypes are due to a fortuitous mutation on the 3R chromosome. Two 
overlapping Df uncover a region of 51 Kb within the pointed locus that contains the mutation 
under study.
8.  The mutation is caused by a two nucleotide change in the interval 3R:19121297-300.
9.  A new allele of pointed, named pntΔ11, was isolated. pntΔ11 is homozygous lethal and 
shows cuticle defects matching to the spitz-group mutant phenotypes.

















11.  UASp-pntD rescues the agametic phenotype when expressed in the somatic cells of the 
niche. Thus, pointed is the gene responsible for the agametic phenotype and it is required 
non-autonomously for PGC survival during gonadal development. The agametic mutation 
was therefore named pntaga. 
12.  pointed is expressed in somatic cells of the germline stem cell niche in larval gonads and 
adult ovaries.
13.  RNAi-mediated disruption of all isoforms of pnt provokes overproliferation of germ cells 
in larval gonads and adult ovaries, strongly suggesting that pntaga is not a loss-of-function 
mutation. 
14.  The results presented in this work suggest that the balance the pnt isoforms in the 















Drosophila melanogaster stocks were raised on standard wheat/yeast/agar media at 25°C, 
unless otherwise stated.  The following fly strains were used:
yw and OregonR (wild-type)
Tm102299 (Bloomington Drosophila Stock Center), 
w;; FRT82B cu sr */ TM6B, Tb1 and w;; FRT82B cu sr */TTG
Exelisis deficiencies (Bloomington Drosophila Stock Center):
Stock number 7746: w1118; Df(3R)Exel6280, P{w[+mC]=XP-U}Exel6280/TM6B, Tb1
Stock number 7990: w1118; Df(3R)Exel9012/TM6B, Tb1
DrosDel deficiency (Kyoto Stock Center):
w1118;; Df(3R)ED6105, P{w[+mW.Scer\FRT.hs3]=3’.RS5+3.3’}ED6105 / TM6C, Sb1
pntD88 (Scholz, Deatrick, Klaes, & Klämbt, 1993) and FRT82B pnt D88 (both versions obtained 
from Sonsoles Campuzano),  
pnt1227, w1118;; UAS-pnt.P1, w1118;; UAS-pnt.P2/TM3, Sb1, yw hsFLP122; FRT82B ubi-nls:GFP 
(Bloomington Drosophila Stock Center), 
yw; pGSV6-GS9069 (Kyoto Stock Center).
yw; pnt NP5370/ TM6





Developmental staging of larvae and pupae
The end of embryogenesis is 24 hours after egg laying (AEL). The first instar and second instar 
are 24 hours each. Third instar lasts 48 hours and puparium formation (white pupa) occurs 
120 hours AEL (five days).  In this study, the middle of larval third instar is referred to as the 
third instar larvae that moved out of food but pupation had not started. At this stage, most 
of TFs were still forming and cap cells were starting to form. The early pupal stage was the 
stage at which pupation had already started but pupae were still pale and clear. At this stage, 
all TFs were finished and a few cap cells had already formed.
Complementation analysis and genetic interactions
Female virgins FRT82B cu sr */TM6B of the following genotype were collected and crossed 
to Exelisis deficiency males. Hemizygous females from the F1 were selected and yeasted for 























Genetic interaction experiments followed the same protocol and treatment but instead of 
deficiencies we looked for genetic interactions with different pnt mutant alleles (fig. 29).
P-element induced male recombination
Virgins (cu sr *) were collected (≈200) and crossed to a source of transposase (Δ2-3). F1 females 
were selected carrying both Δ2-3 and cu sr * and crossed to the chosen P-element (either pnt 
d07883 or pnt NP5370). F2 dysgenic males were crossed to a balancer stock carrying cu as 
selectable marker. F3 recombinant males were selected for the presence of white+ and cu. 
Recombinant males were crossed to cu sr *, single male crosses, and F4 females were dissected 
and ovaries were examined. The corresponding stocks were set. Fig. 30 shows the scheme of 
crosses set for the experiment.
Imprecise P-element excision 
Dysgenic males (F1 from previous scheme) were crossed to a balancer stock. F2 white- males 
were selected and crossed to females carrying the agametic mutation (cu sr *), single male 
crosses, F4 females were dissected and ovaries were examined looking for the agametic 
phenotype. The corresponding stocks were set. Fig. 31 shows the scheme of crosses set for 
the experiment.
Loss-of-function experiments
Loss-of-function experiments were carried out by either inducing somatic clones utilizing 
the FRT-FLP technique or by RNAi knockdown utilizing the Gal4-UAS system. The following 
mutant alleles and lines were used:
ywf; FRT82B pnt D88/ TM6B, Tb1
yw hsFLP122; FRT82B ubi-nls:GFP
pnt-RNAi (100473)
C587-Gal4
In order to generate somatic clones females harbouring the hs; FRT82B ubi-nls:GFP/ FRT82B 
pnt D88 were heat-shocked for 1 hour at 37ºC then kept at 25ºC for 1 hour and then heat-
shocked again for 1 hour at 37ºC. The flies were then yeasted and kept at 25ºC for a week 
before dissection.
Rescue experiments
To attempt to rescue the agametic phenotype we tried to different approaches: genomic 
rescue and gene overexpression by the Gal4-UAS system. The following stocks were generated:

















w1118;; UAS-pnt.P1 cu sr */ TM6B, Tb1 (UAS-pnt.P1 originally from Bloomington)
w1118;; UAS-pnt.P2 cu sr */ TM6B, Tb1 (UAS-pnt.P2 originally from Bloomington)
w ; UASp-pnt-D/ CyO / FRT82B cu sr */ TM6B, Tb1
w ; UASp-CG31340/ CyO / FRT82B cu sr */ TM6B, Tb1




We use the yw; pGSV6-GS9069 line to evaluate the effect that the overexpression of pointed 
had during larval gonad development. yw; pGSV6-GS9069 homozygous female larvae were 
dissected and stained with germline markers. Gonads of ML3 were imaged and PGCs counted.
Enhancers
To address the expression patterns of pointed during oogenesis made use of the UAS-Gal4 
system. The yw;; UAS-Tau:mGFP6 line was used to monitor GFP expression and the following 
Gal4 enhancer-trap lines were used:
Janelia Farm lines:
Stock #
$45304   w1118; P{GMR43E07-GAL4}attP2
$41263    w1118; P{GMR44C09-GAL4}attP2
$50223  w1118; P{GMR45B10-GAL4}attP2
$49565  w1118; P{GMR45F08-GAL4}attP2
$49563  w1118; P{GMR45D11-GAL4}attP2
$50233  w1118; P{GMR45E10-GAL4}attP2
$46271  w1118; P{GMR46C10-GAL4}attP2
$45717  w1118; P{GMR44B07-GAL4}attP2
$48154  w1118; P{GMR44C01-GAL4}attP2
yw; pnt NP5370/ TM6
Cuticle preparations
pntD88 and pntD11 flies were let to lay egg on apple juice-agar plate for few hours then 
the flies plates were removed and the eggs were developed for another 24 hours at room 
temperature.  First-instar larvae that did not hatch from the egg after 24 hours (mutants) 
were selected with tweezers and transfer to a drop of water on a plate tape. They were then 
transfer to a drop of bleach on the same plate and le to dechorionate for about 2 min (until 

















tweezers. The larval cuticles are then transferred to a drop of Hoyer’s medium on a slide and 
a coverslip is placed on the preparation. The slides are incubated a 60ºC for at least 1 hour.
Inmunohistochemistry
Dissection and staining of adult ovaries
Adult ovaries were dissected in cold Ringer’s1  then fixed for 10 minutes in 6% formaldehyde2 
(600μl of heptane were added per 100μl of fix). After fixing the ovaries were permeabilized 
in 1% Triton (in PBS) during 2 hours and then blocked for 1 hour with PAT3 before overnight 
incubation with primary antibody (in PAT). The primary antibody was rinsed with PAT and 
the ovaries washed three times with PBT4  during 30 minutes. The incubation with secondary 
antibodies was done in PBT during 2 to 4 hours. Ovaries were then washed three times with 
PTW5  10 minutes each. Mounting of individual ovarioles was done in Vectashield medium.
Dissection and staining of larval ovaries6 
The larvae fat body was incubated in 5% formaldehyde in Ringer’s medium for 20 minutes 
then washed for 5, 10 and 45 minutes with 1% PBT7. Then blocked with 0.3% PBTB8 for 1 
hour with gentle agitation. After blocking they were incubated with the desired 1st antibody 
diluted in 0.3% PBTB overnight at 4°C with gentle agitation. The next day the fat bodies 
were washed 3 time, 30 min each with 0.3% PBTB.  They were then blocked with 0.3% PBTB 
supplemented with 5% fetal bovine serum for 1 hour. After blocking they were incubated 
with the secondary antibodies in blocking solution for 2 hours. Then washed three times for 
30 min each with 0.3% PBT. They were them mount in Vectashield mounting media.
Embryo fixation
Embryos were collected overnight on agar plates with yeast. Dechoronionated with bleach 
for 2 min, fixed in 5 ml of 4% formaldehyde in PBS for 20 min with equal volume of heptane, 
the embryos lie at the interphase between the lower formaldehyde and the upper heptane 
layer. After fixing, the lower phase is removed and 5 ml of methanol are added to devitallinize 
the embryos. Devitallinized embryos are collected from the bottom methanol phase, rinsed in 
methanol three times and kept in methanol at -20ºC until needed.   
1  128 mM NaCl, 2 mM KCl, 1.8mM CaCl2, 4 mM MgCl2, 35.5 mM Sucrose, 5 mM Hepes pH 6.9
2 16.7 mM KPO4 pH 6.8, 75 mM KCl, 25 mM NaCl and 3.3 mM MgCl2
3 PBS, 1% BSA, 0.1% Triton, 0.05% azide
4   PBS, 0.1 BSA, 0.1% tween20
5   PBS, 0.1% tween20
6  Modified from Maimon I. and Gilboa L., 2011
7  1% Triton x-100 in PBS


















The methanol is removed from the embryos, they are then put in PBS with few drops of PAT, 
the rinse in PAT few times. They are blocked for 1-2 hours in PAT at 4ºC. Primary antibody 
incubation is done overnight at 4ºC in PAT. Before overnight secondary antibody incubation 
embryos are blocked with PBT supplemented with 4% goat serum. Secondary antibodies are 
diluted in PBT. Before mounted on slides in Vectashield, embryos are washed three times with 
PBT for 10 min.
Primary antibodies 
mouse monoclonal anti-Hts (hts RC) 1:100 from the Developmental Studies Hybridoma Bank 
(DSHB) 
rabbit anti-Vasa 1:2000 from the R. Lehmann Lab
rat anti-DE-Cadherin (DCAD2) 1:100 (DSHB)
mouse monoclonal anti-En (4D9) 1:10 (DSHB)
rat anti-BabII 1:4000 from the F. Laski Lab
rabbit anti-cleaved-Caspase3 1:50 from Cell Signalling Technology
rabbit anti-Pnt 1:500 from Tien Hsu Lab
goat anti-GFP (FITC) 1:500
Secondary antibodies
Cy2, Cy3 and Cy5 from Jackson InmunoResearch Laboratories , Inc. (1:100). The DNA dye 
Hoescht from Molecular ProbesTM was used 1:1000. Rhodamine 568 phalloidin was used 1:20. 
Image capturing and processing
Images were taken with Leica TCS-SPE confocal microscope, Leica TCS-SP5 confocal microscope 
and Zeiss LSM 510 Meta. Images were processed with Image J, Adobe Photoshop and Adobe 
Illustrator. 
Statistical analysis
PGCs were counted manually using the ImageJ multi-point tool. Standard error of the mean 
(S.E.M) was calculated for all the experiments and a Student’s t-test when applicable. 
Molecular biology
Single-fly DNA preparations for PCR9
One fly of the desired genotype was place in a 0.5 ml tube and mashed for 5-10 seconds with 

















a pipette tip containing 50ul of squishing buffer10, without expelling any liquid (sufficient 
liquid escapes from the tip). Then the remaining of the solution is expelled from the tip. The 
preparation is incubated at room temperature for 30 min. The Proteinase K was inactivated 
by heating to 95ºC for 1-2 min. This preparation can be store at 4°C for months. Typically 2μl 
of supernatant was used per 20-50μl PCR reaction.
PCR reactions
Standard reaction conditions were: 2μl of either 10 ng/μl plasmid or 100 ng/μl genomic DNA 
templates, 5μl 10 X buffer (Roche), 5 μl 2mM dNTPs (Roche), 1μl 10μM forward and reverse 
primers, 1 unit Taq polymerase (Roche) in a 50μl reaction. 
The standard program used was:
Step 1 94ºC 4 minutes
Step2 95ºC 30 seconds
Step3 55ºC 30 seconds
Step4 72ºC 3o seconds
Step2-4 repeated 30 times
Step5 78ºC 7 minutes 
Cycle conditions were varied for specific reactions, usually increasing extension time for 
longer products or the annealing temperature for more specificity. Also the polymerase was 
changed to a proofreading in cases were the PCR product was used for cloning that were to 
be transformed into flies. 
Sequencing of deficiencies flaking genomic DNA
Deficiencies 7990 and 7746 were generated by FLP/FRT deletions (Parks et al., 2004). They 
harbor hybrid elements from the XP5’ (plus and minus) and the WH5’ P-elements. Genomic 
DNA was prepared (as described previously) from Deficiency/Balancer flies, diluted 1:25 and 
used as template in PCR reactions. P-element internal primers were paired with primers 
designed based on predicted genomic flaking sequences (flybase.org) as shown in fig. 32.
The PCR reaction would only amplify a DNA product from the chromosome bearing the 





















XP3’ 1:1136 fragment 8929 to 10064 of P-element XP
Genome region 1137:2126 19.121.235… Pointed
XP inside primers:
XP1 for 5’GCCACCACTTCAAGAACTCTGTAGC 3’
XP2 rev 5’ACGGAACCATGAGAGGTACG 3’
XP3’+ Flanking G region primers:
XP1 for 5’GCCACCACTTCAAGAACTCTGTAGC 3’
G1 rev 5’CGAGTTGGCGTTGTTAATGA 3’
Df 7746 left
Flanking 19.017.039 + XP5’
Genome region 1:1170 (Cnc around 19.017.039) 
XP5’ 1171:1962 P-element XP5’ (fragment 1 to 792 of P-element XP)
Genomic region primers:
G3 for 5’GAACGCAAGACATAACGGAAACC 3’
G4 rev 5’CGGGAAAATGGAAAATGCTCTG 3’
Flanking G region + XP5’
G3 for 5’GAACGCAAGACATAACGGAAACC
52B rev 5’ TTTACTCCAGTCACAGCTTTG 3’
XP5’ inside primers:
XP3 for 5’CATGATGAAATAACATAAGGT 3’
52B rev 5’ TTTACTCCAGTCACAGCTTTG 3’
Df 7990 right
1 to 1064 9001 to 10064 of P-element XP (rev)
1065 to 1926 55297 to 56175 of 3R:19116826, 19173000
XP inside primers: same as previous 
XP + Flaking G region:
52B for 5’ TTTACTCCAGTCACAGCTTTG 3’


















G6 for 5’ GATCGTTTTTGGCAAGCATT 3’
G5 rev 5’ GCACAGTGGTTGTCATGGTC 3’
To sequence the 3’ flaking genomic region of Df ED6105 (Ryder et al., 2004) we followed the 
same strategy. The P-elements used to generate these deletions are called RS elements and 
the 3’ end inside primers used was: 
Pry4 5’ CAATCATATCGCTGTCTCACTCA 3’
Genomic primer:
Reverse 5’ GTTTGTGAGAGGCGGCAGCCA 3’
Sequencing of the agametic mutation
Genomic DNA was prepared (as described previously) from homozygous flies selected by the 
presence of the sr and cu markers and yw controls, diluted 1:25 and used as template in PCR 
reactions. Genomic primers were designed base on the reference sequence in flybase.org. The 
following primers were used:
Forward 5’ AGAACGCGTTGTATGAGGGACCCA 3’
Reverse 5’ GTTTGTGAGAGGCGGCAGCCA 3’
Reverse transcription (RT) PCR
To synthesized pnt cDNAs, ≈100 ovary pairs of 2 days old control (yw) flies were dissected 
and mRNA was isolated and purified using the QuickPrep Micro mRNA Purification Kit (GE 
healthcare). 1-2 μg of mRNA were used to synthesized cDNA with 0.5 μg of oligo(dT) (Sigma 
Genosis) and the enzyme Superscript II RNase H Transcriptase (Invitrogen LifeTechnology) in 
20 μl final volume. 2 μl of total cDNA were used in a PCR reaction to amplify pnt cDNAs.
The following primers were used:
Forward primers
5’ GCTAGGATCCATGGAATTGGCGATTTGT 3’   (pointed RB)
5’ GCTAGGATCCATGACCAATGAGTGGATCGAT 3’ (pointed RD)
3’ GCTAGGATCCATGCCGCCCTCTGCGTTTTTA  3’ (pointed RC)
Reverse primer
5’ GAATGCGGCCGCTTTGCGGTTGGTTGAGTACA 3’ 
Cloning of UASp constructs

















fragment into pUAS-p. To generate GC31340-UASp, the pOT2 clone from the Drosophila Gene 
Collection was obtained. A Not I/ Xba I fragment was generated and cloned into pUAS-p. The 
following primers were used:
Forward 5’ CATAGCGGCCGCAATTCTTAAGT 3’
Reverse 5’ CATATCTAGAGCGCGCCTTTTCC CCGAT 3’
Generation of transformants
UASp-pntD and UASp-CG31340 were introduced into flies by P-element mediated 
transformation. DNA for injection were purified using the Qiagen midi-prep kit at a 
concentration of 1 μg/μl (10 μg total) and send for injection to Centro de Biología Molecular 
Severo Ochoa.
Genomic BAC CH322-62F02 was introduced into flies by ΦC31-mediated transgenesis in 
the specific attP docking site located at 62F2-2L. DNA for injection was purified using the 
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Stem cells reside in a specialized microenvironment or niches that maintain them in an 
undifferentiated state and that regulate their proliferation. Drosophila ovarian germline 
stem cell niche shapes during larval development and is composed of support cells -often in 
contact with stem cells-, signaling molecules communicating the cells within the niche and 
the extracellular matrix. At these stages soma-germline interactions are critical to control 
the formation of the niche and to tightly regulate the proliferation of the primordial germ 
cells (PGC) to assure that every niche receives a supply of 2-3 Germline stem cells (GSCs). We 
have mapped and characterized a new mutation that prevents germline survival. Adult flies 
homozygous for the mutation are viable but sterile, as their reproductive system is agametic 
(absence of germ cells). Interestingly, because other somatic cell types proliferate normally 
when mutated, our mutation disrupts germline cells viability specifically. PGC development 
initiates properly as embryonic mutant gonads form organs of normal size and shape. 
However, at larval stages the number of PGCs is significantly reduced as they start dying 
by apoptosis. Thus, the somatic niche of the GSCs forms normally but devoid of germ cells. 
The agametic phenotype is due to a fortuitous mutation on the 3R arm chromosome. We 
have mapped the mutation to an intronic region near the 5’UTR of the ETS transcription 
factor PointedC/E. We also demonstrate that Pnt regulates PGC survival non-autonomously, 
as it is expressed in the somatic cells of the niche and this expression rescues the agametic 
phenotype. Our results show for the first time that the pointed locus plays a major role in 
controlling the survival and proliferation of the PGCs and suggest that the balance in pnt 














Las células troncales o células madre, como son conocidas popularmente, residen en 
microambientes especializados o nichos que las mantienen en un estado indiferenciado y 
que regulan su proliferación. El nicho de las células troncales de la línea germinal (GSC del 
inglés Germline Stem Cells) del ovario de Drosophila se forma durante su desarrollo larvario y 
está compuesto por células somáticas de soporte, moléculas de señalización entre las células 
somáticas y las GSCs y la matriz extracelular. Las interacciones soma-línea germinal son críticas 
para controlar la formación del nicho, para regular la proliferación los primordios de las 
células germinales (PGC del inglés Primordial Germ Cells) y para asegurar que cada nicho 
recibe de 2 a 3 GSCs. En nuestro laboratorio hemos mapeado y caracterizado una nueva 
mutación que bloquea la supervivencia de la línea germinal. Moscas adultas homocigóticas 
para la mutación son viables pero estériles, ya que su sistema reproductivo es agamético 
(ausencia de células germinales). Curiosamente, debido a que otros tipos celulares somáticos 
mutantes proliferan y se desarrollan normalmente, nuestra mutación afecta la viabilidad de 
las células de la línea germinal específicamente. El desarrollo de las PGCs inicia correctamente 
puesto que en el embrión las gónadas se forman correctamente. Sin embargo, en las fases 
larvarias el número de PGCs es significativamente menor que en controles silvestres y en este 
estadio se observa muerte por apoptosis. Por lo tanto, el nicho somático de las GSCs se forma 
normalmente, pero carece de células germinales. El fenotipo agamético es debido a una 
mutación fortuita en el brazo cromosómico 3R. Hemos mapeado la mutación a una región 
intrónica cerca de la 5’UTR del factor de transcripción ETS, PointedC/E. Nuestros resultados 
también demuestran que Pnt regula la supervivencia de las PGCs de una manera no autónoma, 
ya que su expresión en las células somáticas del nicho rescata el fenotipo agamético. Nuestros 
resultados muestran por primera vez que el locus de pointed juega un papel importante en 
el control de la supervivencia y la proliferación de las PGCs y sugieren que el equilibrio entre 
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A Alfonsa y Maricarmen les agradezco todo su cariño, compañía y amistad. El laboratorio no 
sería lo mismo sin Uds, mucho más aburrido y bastante menos pintoresco. Muchas gracias 
chicas por todas las conversaciones de lo divino y lo humano.
Bea chica, Juanjo, María Jesús, Clara y Besaid han sido también amigos muy especiales. Muchas 
gracias chicos por las risas, la compañía y por todos los ratos cálidos que hemos pasado juntos.
Mi querida amiga María Teresa, siempre pienso que hay poca gente en el mundo que sin 
tener lazos de sangre se parezca tanto a mi … nacimos en la misma ciudad, en el mismo año 
y crecimos con el mismo realismo mágico. Te agradezco infinitamente que me dieras tu cama 
y me alimentaras el alma los meses que estuve de regreso en Seattle. Gracias bella. Y en ese 
agradecimiento también entra Mauricio, juntos me ayudaron a recuperar la risa.
Y ya llegando al final no sería yo si no agradezco a Juanjo por los años compartidos y sobretodo 
que me haya traído a la maravillosa tierra Andaluza.
A mi familia le debo todo, mi madre y hermano son los seres que más influencia han tenido 
en mi camino y en mi. A ellos agradezco su amor infinito y les dedico mi trabajo. Les amo 







la persona que soy, por tanto amor y tanta fuerza. Hermano, agradezco tanto a la vida por 
tener a un ser humano tan completo como tú por hermano (y a nuestra Chipi y a Masy 
contigo).  Mi padre, mis tías, mis primos y primas (especialmente a Virginia que vino hasta la 
ardiente Sevilla a ayudarme con la maquetación de la tesis) han sido fundamentales, gracias.
Y para Alberto no tengo palabras de agradecimiento, no cabrían aquí. Este librito ha llegado 
a este punto gracias a ti, a ese motor que llevas dentro y que nos motiva cada día a ser 
mejores y mejores. Llegaste a mi vida como un poema, como un poema lleno de estrellas 
y cielos naranja. Ahora eres mi gran amor, mi cómplice y todo… No me canso de repetir lo 
afortunada que soy de tener a un compañero como tú a mi lado. Juntos llevamos el proyecto 
y la aventura más importante de mi vida, tener una familia. Te amo tanto (desde el Big Bang).
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